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SUGGESTIONS FOR CONTRIBUTORS TO THE 
PROCEEDINGS 


Preparation of Paper 


Form—Manuscripts may be submitted by member and non-member contributors from any 
country. To be acceptable for publication manuscripts should be in English, in final 
form for publication, and accompanied by a summary of from 100 to 300 words Papers 
should be typed double space with consecutive numbering of pages. Footnote references 
should be consecutively numbered, and should appear at the foot of their respective pages. 
Each reference should contain author's name, title of article, name of journal, volume 
page, month, and year. Generally, the sequence of presentation should be as follows: 
statement of problem; review of the subject in which the scope, object, and conclusions 
of previous investigations in the same field are covered; main body describing the ap- 
paratus, experiments, theoretical work, and resulte used in reaching the conclusions 
conclusions and their relation to present theory and practice; bibliography. The above 
pertains to the usual type of paper. To whatever type a contribution may belong, a close 
conformity to the spirit of these suggestions is recommended. 


!llustrations—-Use only jet black ink on white paper or tracing cloth. Cross-section paper 
used for graphs should not have more than four lines per inch. If finer ruled paper is 
used, the major division lines should be drawn in with black ink, omitting the finer de 
visions. In the latter case, only blue-lined paper can be accepted. Photographe must 
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations of 
any kind cannot be used. All lettering should be ?/& in. high for an 8 x 10 in. figure. 
Legends for figures should be tabulated on a separate sheet, not lettered on the illustrations. 


Mathematics—Fractions should be indicated by a slanting line. Use standard symbole. 
Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equations 
may be written in ink with subscript numbers, radicals, eto., in the desired proportions. 


Abbreviations— Write a.c. and d.c., ke, uf, muf, emf, mh, „h, henries, abscissas, antennas 
Refer to figures as Fig. 1, Figs. 3 and 4, and to equations as (5). Number equations on the 
right, in parentheses, 


Summary—The summary should contain a statement of major conclusions reached, since 
summaries in many cases constitute the only source of information used in oompiling 
scientific reference indexes. Abstracts printed in other journals, especially foreign, in 
most cases consist of summaries from published papers. The summary should explain 
as adequately as possible the major conclusions to a non-specialist in the subject. The 
summary should contain from 100 to 300 words, depending on the length of the paper. 


Publication of Paper 


Dieposition—4All manuscripts should be addressed to the Institute of Radio Engineers, 33 West 
39th Street, New York City. They will be examined by the Committee on Meetings and 
Papers and by the Editor. Authors are advised as promptly as possible of the action 
taken, usually within one month. 


Proofs—Galley proof is sent to. the author. Only necessary corrections in typography should 
be made. No new material ts to be added. Corrected proofs should be returned promptly 
to the Institute of Radio Engineets, 33 West 39th Street, New York City. 


Reprints— With the notification of acceptance of paper for publication reprint order form is 
sent to the author. Orders for reprints must be forwarded promptly as type is not held 
after publication. 
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L. W. AUSTIN 
President of the Institute of Radio Engineers, 1914 


L. W. Austin was born at Orwell, Vermont, October 30, 1867. 
He received the degree of Bachelor of Árts from Middlebury College 
in 1889, and the Ph.D. degree from the University of Strassburg in 
1893. From 1893 to 1901 he was instructor and assistant professor 
at the University of Wisconsin, following which he did research 
work at the University of Berlin in 1901—1902. Since 1904 Dr. 
Austin has been with iis Bureau of Standards, Washington, D. C.; 
head of U. S. Naval Radio Research Laboratory, 1908-1923; 
chief of Radio Physies Laboratory, 1923 to date. 

Dr. Austin was President of the Institute in 1914, served on the 
Board of Direction from 1915 to 1917, and was awarded the Insti- 
tute Medal of Honor in 1927. His contributions to the PROCEEDINGS 
have been frequent. Dr. Austin was elected to Associate member- 
ship in the Institute in 1913, transferred to Member grade in 1913 
and to the Fellow grade in 1915. 


INSTITUTE NEWS AND RADIO NOTES 


Fourth Annual Convention of the Institute 
Washington, D. C., May 13th to 15th 


The tentative program for the 4th Annual Institute Conven- 
tion, to be held in Washington, D. C. on May 13 to 15th has been 
arranged. The Convention Committee Chairmen are as follows: 
C. B. Jolliffe, Convention Chairman; T. Me. L. Davis, Registra- 
tion and Arrangement; 8. 8. Kirby, Trips; F. Р. Guthrie, Dinner 
and Entertainment; Mrs. L. W. Austin, Ladies; A. E. Kennelly, 
Fellowship; W. G. H. Finch, Publicity. 

Convention Headquarters will be in the Mayflower Hotel 
where a number of rooms are being set aside for reservation by 
Institute members. Registration, Committee meetings, several 
functions for the ladies, the banquet, etc., will be held in the 
Mayflower, which is conveniently located with respect to the 
U. S. Chamber of Commerce Building in which the technical 
sessions are to be held, and can be reached readily either by auto, 
streetcar or bus. 

The tentative program is as follows: 


SuNDAY, May 12 
2 p.m. to 6 р.м. Registration at the Mayflower Hotel. 


Monpay, May 13 


8:00 a.m. Registration at the Mayflower Hotel. 

10:00 a.m. Opening Session; Speeches by President A. Hoyt 
Taylor, F. P. Guthrie and C. B. Jolliffe; Symposium 
on “Technical Problems of Radio Regulation.” 

11:00 a.m. Meeting of representatives of Sections. 

12:30 p.m. Lunch. 

1:15 p.m. Inspection Trip leaving for Naval Research Labora- 
tory, Bellevue, Anacostia, D.C., returning to the 
Mayflower Hotel at 5:15 P.M. 

8:00 p.m. Popular Lecture by Professor M. I. Pupin. 

Turespay, May 14 

9:00 a.m. Symposium on Photo Radio. 

10:30 .m.a Inspection trip: to Arlington Radio Station via 
Potomac Park, Arlington, and Arlington Cemetery. 

12:30 p.m. Lunch. 
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1:15 р.м. Inspection trip to Bureau of Standards via 16th 
Street and Rock Creek Park. 

4:15 p.m. Short speech by Director of Bureau of Standards. 

4:30 p.m. Tea at the Bureau of Standards, returning to Head- 
quarters at 5:30 р.м. 

7:30 р.м. Banquet at the Mayflower Hotel, including speeches 
by President A. Hoyt Taylor, several Institute 
members, presentation of Institute prizes, talking 
moving picture feature, and facilities for dancing. 


WEpNEsSDAY, May 15 


Annual meeting of the American Section, International 
Scientific Radio Union, to which members of the Institute are 
invited. This meeting will consist of some twenty technical 
papers, averaging fifteen minutes each. The papers will cover 
developments in the fields of work of the Union's technical 
Committees. Besides the technical papers on particular develop- 
ments, there will be a general report on the status of the field by 
the chairman of each technical committee, as follows: radio 
measurements, J. H. Dellinger; measurements of interference, 
E. F. W. Alexanderson; wave propagation, L. W. Austin; wave 
direction, G. Breit; phenomena above 3000 kilocycles, A. H. 
Taylor; atmospheries, H. T. Friis; cooperation, A. E. Kennelly; 
radio physics, E. L. Chaffee. 

The program of specific papers in these fields will be published 
in a later issue. It is expected that preprints of the papers will 
be available in advance of the meeting. 


Change in Proceedings Format 

With the January issue the arrangement of PROCEEDINGS 
pages was changed with a view to making the various depart- 
ments of each issue more readily available to members. With 
the April issue it is contemplated that the type size of each page 
will be inereased to allow approximately fifteen per cent addi- 
tional reading matter to be printed on each page. 

Comments from the membership, both as to the typograph- 
ical arrangement of the PRocEEpINGs and as to its contents, will 
be appreciated by the Board of Direction. Constructive criticism 
is always welcomed in the endeavor to make the PRocEEDINGS 
as attractive as possible to all grades of membership. 
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January Meeting of the Board of Direction 


The following were present at the meeting of the Board of 
Direction of the Institute held on January 2nd in the Institute 
office: Alfred N. Goldsmith, President; L. E. Whittemore, Vice- 
President; Melville Eastham, Treasurer; Ralph Bown, Junior 
Past President; Arthur Batcheller, W. G. Cady, J. H. Dellinger, 
R. A. Heising, J. V. L. Hogan, R. Н. Marriott, and John М. 
Clayton, Secretary. 

The count of the ballots for 1929 Officers and new Board 
members brought the following results: President, A. Hoyt 
Taylor; Vice-President, Alexander Meissner; Managers elected 
for three-year terms, Arthur Batcheller and C. M. Jansky, Jr. 

The Board appointed the three Managers with one-year terms 
as follows: Lewis M. Hull, R. Н. Marriott, and L. E. Whitte- 
more. 

The Board approved the action of the Committee on Ad- 
missions through the election or transfer of the following: 
elected to the Fellow grade: Lt. Cmdr. T. A. M. Craven; trans- 
ferred to the Member grade: Avery G. Richardson, Harvey 
Meisenheimer, and L. W. Branch; elected to the Member grade: 
Knox C. Black, W. B. Morehouse, and Albert Kofes. 

Seventy-eight Associate members and eight Junior mem- 
bers were elected. 

Paul A. Greene, of the Columbia Broadeasting System, was 
appointed to membership on the Committee on Broadcasting. 


Notices of New York Meetings 

As authorized by the Board of Direction, and effective 
immediately, notices of regular New York meetings of the In- 
stitute will, in the future, be sent only to members residing 
within the states of Connecticut, Delaware, Maryland, Massa- 
chusetts, New Jersey, New York, Pennsylvania, and District 
of Columbia, unless specific request be made once a year by 
individual members in other states. 


1928 Bound Volumes 
The 1928 volume of the PRocEEDINGS is available in a hand- 
some blue buchram binding at $9.50 (one dollar additional for 
foreign postage). Only a limited number of volumes have been 
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bound. Members desiring to obtain the 1928 volume in bound 
form are also cautioned that unbound copies for the entire year 
are not available. 

The above prices are to members of the Institute. 


Standard Frequency Transmissions by the Bureau of 
Standards 

The Bureau of Standards announces a new schedule of radio 
signals of standard frequencies, for use by the public in calibrat- 
ing frequency standards and transmitting and receiving ap- 
paratus. This schedule includes many of the border frequencies 
between services as set forth in the allocation of the International 
Radio Convention of Washington which went into effect J anuary 
1, 1929. The signals ure transmitted from the Bureau’s station 
WWV, Washington, D. C. They can be heard and utilized by 
stations equipped for continuous-wave reception at distances 
up to 1,000 miles from the transmitting station. 

The transmissions are by continuous-wave radiotelegraphy. 
The modulation which was previously on these signals has been 
eliminated. A complete frequency transmission includes a 
"general call” and “ standard frequency” signal, and “announce- 
ments." The "general call” is given at the beginning of the 
8-minute period and continues for about 2 minutes. This includes 
а statement of the frequency. The “standard frequency signal" 
is a series of very long dashes with the call letter (WWV) inter- 
vening. This signal continues for about 4 minutes. The “an- 
nouncements” are on the same frequency as the “standard 
frequency signal" just transmitted and contain a statement of 
the frequency. An announcement of the next frequency to 
be transmitted is then given. There is then a 4-minute in- 
terval while the transmitting set is adjusted for the next fre- 
quency. 

Information on how to receive and utilize the signals is 
given in Bureau of Standards Letter Circular No. 171, which 
may be obtained by applying to the Bureau of Standards, 
Washington, D. C. Even though only a few frequency points 
are received, persons can obtain as complete a fre- 
quency meter calibration as desired by the method of generator . 
harmonies, information on which is given in the letter circular. 
The schedule of standard frequency signals is as follows: 
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RADIO TRANSMISSIONS OF STANDARD FREQUENCY; SCHEDULE OF FREQUENCIES IN KILOCYCLEB 


Eastern Standard Time March 20 April 22 May 20 June 20 July 22 
10: 00-10: 08 р.м. 4000 125 550 1500 
10: 12-10: 20 1700 4500 150 600 1700 
10: 24-10: 32 2250 5000 200 700 2000 
10: 36-10: 44 2750 5500 250 800 2300 
10: 48-10: 56 6000 3 1000 2700 
11:00-11:08 3200 6500 375 1200 3100 
11:12-11:20 3500 7 450 1400 3500 
11:24-11:32 4000 7300 550 1500 4000 


Report of Federal Radio Commission 


The annual report of the Federal Radio Commission to the 
Congress of the United States for the year ending June 30, 
1928, together with a supplementary report for the period from 
July 1, 1928 to September 30, 1928, can be procured from the 
Superintendent of Documents, Government Printing Office, 
Washington, D. C., for twenty-five cents per copy. 

The report is a work of some two hundred and sixty pages 
and is divided into three parts; part 1 contains a statement of 
the personnel and organization of the Commission; part 2 is 
devoted to the Commission’s work with regard to the broadcast 
band; part 3 is devoted to low and high-frequency bands. The 
report also contains copies of all General Orders issued by the 
Commission between July 1, 1927 and October 26, 1928. 


Institute Meetings 


ATLANTA SECTION 

The Atlanta section held a meeting in the Chamber of Com- 
merce Building, Atlanta, Ga., on January 9th. Major Van 
Nostrand, chairman of the section, presided. 

A paper, “Modern Merchandising methods in the Radio 
Field,” was presented by Pierre Boucheron, of the Radio Cor- 
poration of America. 

Seventeen members of the section attended the meeting. 

The February 8th meeting will be held in the Chamber of 
Commerce Building. At this meeting J. K. Clapp, of the General 
Radio Company, will present a paper “A Convenient Method 
for Referring Secondary Standards to a Standard Time Inter- 
val.” 

Boston SECTION 

A meeting of the Boston section was held in the Cruft 
Laboratory, Harvard University, Cambridge, Mass., on Decem- 
ber 12th. This was a joint meeting with the Boston Signal 
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Post. Dr. С. W. Pierce and D. 8. Boyden presided. Major 
Richard H. Ranger, of the Radio Corporation of America, pre- 
sented a paper, “Recent Developments in Photoradio.” Messrs. 
Sewall Cabot, A. F. Murray, Р. 8. Bauer, H. W. Lamson, and 
R. W. Hall participated in the discussion of the paper. 

One hundred and sixty-two persons were present at the meet- 
ing. 

BvrraLo-NiaGARA SECTION 

A meeting of the Buffalo-Niagara section was held on 
November 14th in Edmund Hayes Hall, University of Buffalo. 
L. C. F. Horle, chairman of the section, presided. 

John F. Morrison, of Radio Station WKBK, presented a 
paper, “The Modulation System of WKBK.” 

Edward Stanko, of Station WGR, presented a paper, “Broad- 
east Antenna Characteristics,” and Francis D. Bowman pre- 
sented a paper, “Present Day Broadcasting from the Advertiser’s 
Viewpoint." 

Forty members of the section attended the meeting. 

At the December 12th meeting of the Buffalo-Niagara sec- 
tion D. E. Replogle presented a paper, "Television." Messrs. 
Horle, Hector, Johnson, Smith, Freck, and Henderson partici- 
pated in the discussion which followed. 

Sixty members of the section attended the meeting. 

On January 17th L. Grant Hector, of the University of 
Buffalo, will present a paper, "Apparent Equality of Loud- 
speaker Output at Various Frequencies.” 


Cuicaco SECTION 

A meeting of the Chicago section was held January llth at 
the Electric Club, Chicago. John H. Miller, chairman of the 
section, presided. 

Fred H. Schnell, of the Burgess Battery Company, presented 
a paper, “Short Wave Aircraft Radio." The paper explained 
the work of the Burgess Battery Company on dry cell operated 
transmitters and receivers for aircraft. A rather detailed analy- 
sis was given of the requirements for equipment for radio 
service on airplanes, and it was shown that this varied to a 
wide extent. Actual tests were given of light weight transmitters. 
À description of the apparatus installed on the Rockford Plane, 
which flew to Greenland, was given. Lantern slides covering this 
paper were shown. 


Institute News and Radio Notes 209 


Following the presentation of the paper Messrs. Oxner, 
Miller, Wileox, Minnium, and Kennedy participated in the 
discussion. 

The new officers of the Chicago section were elected as 
follows: H. E. Kranz, chairman; B. J. Minnium, vice-chair- 
man; John Н. Miller, secretary-treasurer. 


CLEVELAND SECTION 


A meeting of the Cleveland section was held in the Case 
School of Applied Science in Cleveland, Ohio, on December 
14th. Professor John R. Martin, chairman of the section, 
presided and presented & paper on “The Use of the Phonodeik 
in the Study of Loud Speakers and the Electric Pick-up." The 
talk wasillustrated with lantern slides and was accompanied by a 
demonstration of a special model of the phonodeik. Professor 
Martin emphasized the difficulty in making tests by ear, as the 
personal factor of likes and dislikes affects the observer. The 
advantage of a sound phetographing device in comparing tones 
throughout the audible range lies in its ability to actually record 
the air motion or its electrical counterpart at any point in its 
transmission. The direct method eliminates the personal ele- 
ment in studying sound reproducing, amplifying, and pick-up 
devices. 

Extensive discussion followed the presentation of the paper. 
The report of the Nominating Committee for 1929 officers of 
the Cleveland section was unanimously adopted. These officers 
are: B. W. David, chairman; Ralph Farnham, vice-chairman; D. 
Schregardus, secretary-treasurer; D. M. Ward, chairman of Com- 
mittee on Membership; Prof. J. R. Martin, ehairman of Program 
Committee. 

Sixty-eight members of the section attended the meeting. 


CONNECTICUT VALLEY SECTION 

A meeting of the Connecticut Valley section was held on 
January 18th. К. 8. Van Dyke, vice-chairman of the section, 
presided. J. K. Clapp, of the General Radio Company, pre- 
sented a paper on "Short Wave Short Distance Radio Trans- 
mission." 

The paper dealt with the electronization of the atmosphere 
and ideal paths of transmission. Data of a series of tests run 
between Boston and South Dartmouth, Mass., working on vari- 
ous wavelengths around 40 meters which gives a very logical 
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explanation of the so-called “skip distance,” “flutter zone,” and 
other short-wave phenomena were presented. Results of tests 
made with an antenna which could be rotated or placed at 
different angles with the earth were shown. 

Messrs. Laport, Van Dyke, and others participated in the 
discussion which followed. 

The officers for 1929 were elected and are as follows: Q. A. 
Brackett, chairman; E. A. Laport, vice-chairman; F. С. Beekley, 
secretary-treasurer. 

Thirty-seven members of the section were present at this 
meeting. 

DETROIT SECTION 

A meeting of the Detroit section was held on November 23rd 
in the Detroit News Building. 

Earle D. Glatzel, chairman of the Section. presided. Рго- 
fessor Roy S. Glasgow, of Washington University, St. Louis, 
Mo., presented a paper on *Some Recent Developments in 
Broadcast Receiving Set Design.” 

The paper discussed factors affecting selectivity, sensitivity, 
and fidelity of receiving sets, after which a new type of receiver 
employing a band pass filter tuning system followed by a fixed 
transformer coupled radio-frequency amplifier was described. 
Design of the filter to give a constant width of received band 
throughout the broadcast band range was discussed. The radio- 
frequency amplifier utilizes variation of the input capacitance 
of a vacuum tube with the plate circuit reactance automatically 
tuning the amplifier circuits to the frequency being received. 

Forty-five members of the Institute and guests were present 
at this meeting. 

The Detroit section held its December meeting on the 21st 
of the month in the Detroit News Building, 615 Lafayette 
Blvd. E. D. Glatzel, chairman of the Section, presided. 

C. G. Hall, of the Cardon Corporation of Jackson, Michigan, 
Spoke on "Manufacturing Production of Vacuum Tubes." A 
detailed description of the processes involved in turning out 
vacuum tubes at the rate of 10,000 a day was given, together 
with an explanation of methods and apparatus used in manu- 
facturing the glass parts of the tube, making and assembling 
the elements, degassing, sealing, and evacuating, and the final 
testing of the product. 
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Los ANGELES SECTION 


On November 19th a meeting of the Los Angeles section was 
held in the Elite Cafe, Los Angeles. Don C. Wallace, chairman 
of the section, presided. Lt. Commander Lowell Cooper, U.S.N., 
presented a talk on “Naval Radio Procedure and Practice.” 
The address covered the general training, routine, and practice 
employed in naval radio control as well as the method of trans- 
mitting messages from different squadron groups to the flag 
ship. A superficial description of the types of radio equipment 
used was also given. 

Lieutenant Dean Farrand, U. S. Army reserve, presented a 
talk on “Aircraft Beaconsand Radio Equipment” in which were 
described the radio beacons in use along the coast and in Hawaii. 
Blackboard diagrams of their field distribution were given, and 
the speaker described some of the difficulties and problems 
of commercial aviation and the limitations imposed on radio 
equipment. The necessity for visual rather than oral indicators 
for the pilot was stressed. 

W. S. Halstead, U. S. Forestry Service, gave a talk on 
“Radio as Applied to Fire Control and Forestry." By means of 
lantern slides a number of interesting views by 2 combined radio 
transmitter and receiver suitable for portable service in forestry 
and fire control work were shown. The talk included various 
technical data descriptive of the radio equipment and operating 
methods. ү 

Forty-six members of the section attended the meeting. 

The following officers were elected for the coming season: 
Thomas Е. McDonough, chairman; Theodore C. Bowles, 
vice-chairman; W. W. Lindsay, secretary-treasurer. 

The section’s Board of Directors was elected as follows: 
Don C. Wallace, Theodore C. Bowles, Captain F. E. Pierce, 
Robert B. Parrish, Lee Yount, W. W. Lindsay, and Thomas F. 
McDonough. 


New ORLEANS SECTION 
A meeting of the New Orleans section was held on Decem- 
ber 29th, presided over by Pendleton E. Lehde, chairman. 
Anton A. Schiele presented a paper, “Control of Street 
Lights by Means of Tuned Circuits.” Messrs. Jones, Gallo, and 
Mackie participated in the discussion which followed. Twelve 
members of the New Orleans section attended the meeting. 
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The New Orleans section held a meeting January 10th at 
which Chairman Pendleton E. Lehde presided. 

Professor C. M. Jansky, Jr. read a paper entitled “Location 
of Salt Domes by Geo-Physical Explorations.” The following 
members took part in the discussion that followed: Professor 
Ricker, J. N. DuTreil, and George Deiler. 

Forty members and guests attended the meeting. 

On February llth a meeting of the New Orleans section 
will be held at which time J. K. Clapp, of the General Radio 
Company, will present a paper on “A Convenient Method for 
Referring Secondary Standards to a Standard Time Interval. 


New York MEETING 


A New York meeting of the Institute was held on January 
2nd in the Engineering Societies Building, 33 West 39th Street, 
presided over by Alfred N. Goldsmith. V. Zworykin, of the 
Westinghouse Electric and Manufacturing Company, presented 
a paper on “Facsimile Pietüre Transmission.” This paper will 
be published in an early forthcoming issue of the PROCEEDINGS. 

Following its presentation the following participated in the 
discussion: Messrs. Goldsmith, McCullough, Gallagher, Bonn, 
Nyman, Ballantine, Hagglung, Dewhirst, Shannon, and Ranger. 

Three hundred members of the Institute and guests attended 
this meeting. 


PITTSBURGH SECTION 

The January 15th meeting of the Pittsburgh section was 
held in the Fort Pitt Hotel. L. A. Terven, vice-chairman of 
the section, presided. J. G. Allen and A. Mag presented “A 
Symposium on Radio Interference.” 

The paper showed how the source of noise is traced from the 
high voltage down to the original house current. It was stated 
that less than fifteen per cent of the radio interference cases 
reported were due to public utility companies. Electrical ap- 
pliances are responsible to a great degree for the interference 
caused. It was also stated that appliances should be made 
“interference proof” at the factory. A demonstration of “noise 
makers” was given including universal motors, heating pads, 
tree grounds, etc. Messrs. Froelich, McKinley, Horn, and 
Terven participated in the discussion which followed. 

Twenty members of the section attended the meeting. 
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On February 21st there will be a meeting of the Pittsburgh 
section in the Fort Pitt Hotel. J. K. Clapp, of the General Radio 
Company, will present a paper on “A Convenient Method for 
Referring Secondary Standards to a Standard Time Interval.” 

The Pittsburgh section held a joint meeting with the Pitts- 
burgh section of the American Institute of Electrical Engineers 
in the Chamber of Commerce Building on December 11th. 

Н. A. Iams presented a paper on “Facsimile Picture Trans- 
mission.” 

Twenty-one members of the Institute were present. 


ROCHESTER SECTION 

The Rochester section held a meeting on November 23rd in 
the Rochester Chamber of Commerce Building. A. B. Chamber- 
lain, chairman of the section, presided. 

Three minute speeches were made by J. P. Boylan on “Те- 
lephony”; F. W. Reynolds on “Broadcasting”; C. E. K. Mees on 
“Research”; A. T. Haugh on “Merchandising”; C. L. Cadle on 
* Power." 

L. В.Е. Raycroft, vice-president in charge of Radio Division 
of the National Electrical Manufacturers! Association, talked 
on “The Radio Industry.” 

One hundred and thirty-two members attended the meeting. 

On December 7th a meeting of the Rochester section was 
held in the Sagamore Hotel, Rochester. A. B. Chamberlain, 
chairman of the section, presided. 

The meeting was addressed by Conan A. Priest, of the General 
Electric Company, on the subject of “Short Waves." The 
speaker presented a summary of recent progress in the develop- 
ment and use of short waves explaining the various operating 
and economic advantages of their use. This was a joint meet- 
ing between the Rochester section of the American lustitute 
of Electrical Engineers, the Rochester Engineering Society, and 
the Rochester section of the Institute of Radio Engineers. 

Sixty-three members of these societies attended the meeting. 


San Francisco SECTION 
On November 21st a meeting of the San Francisco section 
was held in the Bellevue Hotel, 505 Geary Street, San Francisco. 
Leonard F. Fuller, chairman of the section, presided. 
Major Henry L. Dunn, Signal Corps Reserve, presented a 
talk on “The Radio Intelligence Service in the World War.” 
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Major Dunn spoke of many phases of the Intelligence Service 
of the U. S. Army during the late war. The means of obtaining 
information was given, the source of information being from 
spies, enemy prisoners, airplane observers, and observers using 
electrical methods. The use to which the information was put 
in keeping track of énemy forces was outlined. Methods of 
securing information directly from German telephone lines by 
actual contact, induction, and grounded lines with low-frequency 
amplifiers was described in detail. The development of radio 
compass intercepts stations in locating secret transmitters was 
mentioned. The talk was illustrated with lantern slides and was 
made interesting by an account of many humorous incidents, 
Twenty-nine members and guests attended the meeting. 


SEATTLE SECTION 


A meeting of the Seattle section was held on November 30th 
in the Washington Engineer's Club, Arctie Building, Seattle. 
Walter A. Kleist, chairman of the section, presided. 

Austin V. Eastman presented a paper on “Four-Electrode 
Tube as an Audio Amplifier." The speaker outlined some of the 
short-comings of three-electrode tubes as audio-frequency am- 
plifiers and showed the need for the four-electrode type. He 
briefly outlined the use of the 222-type tube as a radio-frequency 
amplifier and next discussed this tube as an audio-frequency 
amplifier. Characteristic curves were drawn and a description 
of laboratory measurements of the overall voltage gain of a stage 
of impedance coupled amplification using the 222-tube as a 
space charge tube was given. Curves were presented showing 
the gain as the frequency was varied from less than a hundred 
cycles to six thousand cycles. The limit of input voltage with a 
consideration of distortion effect was explained. 

Messrs. Tolmie, Kleist, and Willson discussed the paper. 

Thirty-two members of the section attended this meeting. 


TORONTO SECTION 
The November meeting of the Toronto section was held in 
the Electrical Building, University of Toronto, on the 23rd of 
the month, presided over by V. G. Smith. 
К. Н. Langley, of the Crosley Radio Corporation of Cin- 
cimnati, Ohio, presented a paper on “First National Broadcasting 
Station.” 
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The paper described in some detail the new 50 kw station 
placed in operation in October of 1928 by the Crosley Radio 
Corporation. Description of the transmitter and the antenna 
lay-out was given. Following the presentation of the paper 
Messrs. Lowry, Hackbusch, Smith, Pipe, and others participated 
in its discussion. 

On January 16th the Toronto section held a meeting in the 
Electrical Building, University of Toronto. А. М. Patience, 
chairman, presided. 

J. M. Thompson, of the Ferranti Electric Company, pre- 
sented a paper on “Transient Conditions inOutput Transformers.” 
Following the presentation of the paper Messrs. Cline Hackbush, 
Bayley, and others participated in its discussion. 

Forty-five 1nembers of the section were presentat this meeting. 

On February 20th there will be a meeting of the Toronto 
section in the Electrical Building, University of Toronto, at 
which time Mr. Thompson, of the Marconi Company, will 
present a paper on “Marconi Beam System." 

A meeting of the Toronto section was held in the Electrical 


Building, University of Toronto, on December 19th, presided, 


over by A. M. Patience. 

Lieut. W. L. Laurie, Royal Canadian Signals, presented a 
talk on radio activities of Hudson Straits Expedition which 
was sponsored by the Canadian Government in July of 1927 
and returned in the fall of 1928. The members of the expedition 
established three bases along the coast, using radio to keep them 
in touch with civilization at Ottawa. Three aeroplanes were 
used in the expedition and were equipped with lightweight radio 
sets built by the Air Force Laboratories in Ottawa. The sets 
were operated by dry batteries for filament supply and wind 
driven generators for high voltages. Both telephony and te- 
legraphy were used with a maximum radius varying between 300 
and 900 miles. Messrs. Pollack, Choat, Lowry, and others 
participated in the discussion which followed. 

Forty-five menbers of the section were present at the meet- 
ing. 

WasHINGTON SECTION 

On December 13th a meeting of the Washington section was 
held in the Continental Hotel, North Capitol Street, N.W., 
Washington, D. C. F. P. Guthrie, chairman of the section, 
presided. 
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E. O. Hulburt, of the Naval Research Laboratory, presented 
a paper, “Recent Developments in the Theory of High Atmos- 
pheres of the Earth,” which included a brief summary of four 
papers which are to be published on the following subjects: 
“A Theory of Auroras and Magnetic Storms,” “The Ion Ring 
Around the Earth at a Distance of about 45,000 Kilometers,” 
and “Comets and Magnetic Storms.” 

Following the presentation of the paper A. H. Taylor, H. G. 
Dorsey, August Hund, W. Н. Crew, С. D. Robinson, F. Р. 
Guthrie, W. B. Burgess, and Charles Speaker participated in 
its discussion. 

Preceding the meeting a dinner was held at which thirty-nine 
members and guests were present. The meeting was attended 
by seventy members of the section. 

The Washington section held a meeting in the Continental 
Hotel, Washington, D. C. on January 10th. F. P. Guthrie 
chairman of the section, presided. 

І. A. Hyland, of the Aircraft Section, Naval Research 
Laboratory, presented a paper “The Elimination of Ignition 
Interference to Aircraft Radio Reception.” 

The paper gave an outline of the procedure followed in the 
past few years to eliminate interference from aireraft radio 
reception. The various forms of interference were pointed out 
and their effects and remedies discussed. The several forms 
mentioned consisted of wind noises, propellor whine, exhaust 
noises and motor vibration, all of which produced тісгорћопіс 
disturbances from vibration of the plane or the surrounding air, 
and finally the ignition interference which was considered as 
the worst offender. The use of tuned audio systems were recom- 
mended for reducing the microphonie disturbances and shielded 
ignition systems for ignition interference elimination. Particular 
reference was made to recent shielded spark plug development, 
which has resulted in a design that not only makes shielding 
practical but embodies features that should increase the life of 
the plug with a possible increase in ignition efficiency. 

Messrs. Dorsey, Price, Robinson, Guthrie, Burgess, Mirick, 
and Jackson participated in the discussion which followed. 

Fifty-two members of the section attended this meeting. 

* The February 14th meeting will be held in the Continental 
Hotel and J. K. Clapp, of the General Radio Co., will present 
a paper “A Convenient Method for Referring Secondary Stand- 
ards to a Standard Time Interval.” 
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Committee Work 


COMMITTEE ON STANDARDIZATION 


During the first few months of 1928, the Committee on 
Standardization, L. E. Whittemore, chairman, continued as dur- 
ing the previous year, with the formulation of material by the 
subcommittees which had been organized. These subcommittees 
and their chairmen were as follows: Subcommittee on Vacuum 
Tubes,—L. A. Hazeltine, chairman, 1927, C. B. Jolliffe, chair- 
man, 1928; Subcommittee on Receiving Sets,—J. Н. Dellinger, * 
chairman, 1927, E. T. Dickey, chairman, 1928; Subcommittee 
on Electro-Acoustic Devices,—R. Н. Manson, chairman; Sub- 
committee on Circuit Elements,—H. M. Turner, chairman; 
Subeommittee on Power Supply,—W. Е. Holland, ehairman; 
Subcommittee on Use of the Transmission Unit,—J. V. L. Ho- 
gan, chairman; Subeommittee on Bibliography,—C. A. Wright, 
chairman. 

The material prepared by these subcommittees up to May 25, 
1925 was printed in a Preliminary Draft Report bearing that 
date. Notices of the copies of this Preliminary Report available 
at that time were printed in the PnockEEpbINGs. Copies were 
also distributed .at the conventions of the two associations of 
radio manufacturers held in Chicago, in June, and were sent to 
others who were likely to be able to give constructive com- 
ments. 

Comments and criticisms of this report were compiled and 
sent to members of the committee for consideration prior to a 
series of meetings held in New York during the latter part of 
1928. Meetings were held on October 2, October 16, November 
8, and December 6, 1928. 

At these meetings consideration was given to the material 
contained in the Preliminary Report and to the comments and 
additional material submitted for adoption. A committee on 
form and arrangement, consisting of Haraden Pratt, Е. T. 
Dickey, and the chairman, was authorized to put the material 
adopted by the committee into final form for submission to the 
Board of Direction of the Institute. The scope of the report is 
indieated by the following items included in the table of contents 
of the preliminary draft: 


Definitions of Terms Used in Radio Engineering 

Waves and Wave Propagation, Transmitting, Receiving, Vacuum 
Tubes, Circuit Elements, Properties, Antennas, Direction Finding, 
Electric-Acoustic Devices 
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Standard Graphical Symbols 
Letter Symbo's; Vacuum-Tube Notation 
Standard Methods of Measuring the Important Characteristics of 
Vacuum Tubes 

Performance Indices of Electro-Acoustie Devices 

Standard Methods of Measuring Properties of Circuit Elements; 
Chart and Bibliography 

The Institute had continued to have the cooperation, through 
membership on the committee, of representatives of the American 
Institute of Electrical Engineers, the radio division of the 
. National Electrical Manufatturers’ Association, and the Radio 
Manufacturers’ Association. The policy formulated in 1927 
under which the field of radio standardization has been divided 
between the Institute of Radio Engineers on the one hand and 
the manufacturers’ associations on the other has been continued. 
Partly as a result of this policy, it is believed that there is a grow- 
ing support of the work of the Institute by other branches of 
the radio industry. 

Through interlocking committee personnel and by other 
means every effort has been made to take advantage of the re- 
sults of related work done by other organizations and to avoid 
duplication of effort. 

In accordance with the plan adopted by the Board of Direc- 
tion it is anticipated that the final report will be published as 
a part of the 1929 Year Book to be issued early in 1929. 
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New York City, 41 West 86th Street........ Feldstein, Martin A. 
New York City, c/o Norton Lilly, 26 Beaver. Francis, Philip 
Brooklyn, 326 Utica Avenue........... . Gottdenker, Martin 
New York City, R. C. A., 326 Broadway... о" Соппог, John С. 
New York City, 195 Broadway..... .. Reinken, Louis W. 
Rochester, 7 Edmonds Street... . Steneri, Arthur John 
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India Baroda, Babajipura..............- .. Dighe, К. S. 
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APPLICATIONS FOR MEMBERSHIP 


Applications for transfer or election to the various grades of member- 
ship have been received from the persons listed below, and have been 
approved by the Committee on Admissions. Members objecting to trans- 
fer or election of any of these applicants should communicate with the 
Secretary on or before March 1, 1929. These applicants will be considered 
by the Board of Direction at its March 6th meeting. 


For Transfer to the Fellow grade 


New York New York City, 67 Broad Street. . Pratt, Haraden 
For Election to the Fellow grade 

Italy а Rome, Via Tevere No. 20. Реваіоп, Guiseppe 
For Transfer to the Member grade 

New Jetsey Boonton, Radio Frequency Laboratories..... Loughlin, W. D. 


Connecticut 


For Election to the Member grade 
Hartford, 22! Holcomb St.. 


Bourne, Roland B. 


Oklahoma Ponca City, 604 Marland Drive Wyckoff, Ralph D. 
England Cornwall, Bodmin, Radio Beam Station. Struthers, G. A. 
For Election to the Associate grade 
Alabama Mobile, c/o Adams Glass and Co., Inc.. . Blakeney, George H., Jr. 
Arkansas Little Rock, 214 West 4th Street. Bilheimer, Joe Allen 
California Burbank, 320 No. Tujunga Avenue. ..Herrnfeld, Frank Р. 
Glendale, 202 East Broadway. Mitchell, С. A. 
Monterey, 460 Alvarado Street. Newman, Clarence D. 
Oakland, 1609 Grand Avenue.. Wild, Sidney J. 


Connecticut 
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San Francisco, 328 Custom House.. 
San Francisco, 9 Duncan Street. 
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master. . 
Stockton, 543 ‘So. California Street. 
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Kellogg, Frank L. 
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Dist. of Col. Washington, Radio Laboratory, Bureau of 
Standards. ET NS oF . Doherty, William H. 
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Florida Fort Meyers, 1138 Franklin ЖО, * Johnson, Carl С. 
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' Fort Benning, P.O. Box 615. . .Sosebee, Frank E. 

Hlinois Brookfield, 126 So. Vernon Avenue. Courter, Н. L. 
Chicago, 4849 No. Lawndale Avenue... . .Eppstein, Ralph М. 
Chicago, 4514 B. N. Ashland Avenue. Frederick, William J. 
Chicago, 1450 Argyle Street. .. Hitzenhamneer, 

Anthony de V. 

Chicago, 4747 Kenmore.......... Riggs, John H. 
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Maine Houlton, P.O. Box 6! Willes, Emerson T. 
Portland, 56 pot ‘Street. Giro, Daniet J. 

Maryland Baltimore, 1611 Lexington Bldg.. Mathers, Earl S. 

Massachusetts Boston, 160 W. Brookling Street. Nelson, Robert Neil 
Cambridge, 57 Gorham Street... .Shen, S. Z. 
Northampton, 126 Franklin Street... . Mettey, Bradford Joseph 
Quincy, 100 Bay View Avenue. < Renton, Ralph James 
South Dartmouth, M. I. T., Round Hills Houghton, Henry G., Jr. 

Michigan Ann Arbor, 301 S. Fifth Avenue. . Allen, Roy B 


Ann Arbor, 423 Fuller Street... . 
Ann Arbor, 402 N. Main Street 
Ann Arbor, 403 S. Fifth Avenue. . 
Ann Arbor, 109 Packard Street. . 
Ann Arbor, 1666 Broadway... .. 
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Embury, Milburn 8 
MacCaffray, R. S., Jr. 
Martin, J. Faber 
Pickett, Willis N. 
Richmond, Clifford А. 
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Michigan (Cont'd) 


Missouri 
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Proceedings of the Institute of Radio Engineers 
Volume 17, Number 2 February, 1929 


ON THE MECHANISM OF ELECTRON OSCILLATIONS 
IN A TRIODE* 


By 
H. E. Hormann, Dr. Ene. 


(Physical Institute of the Technical High School, Darmstadt, Germany) 


Summary—This paper deals with the different types of electron oscilla- 
tions which occur in the Barkhausen and Kurz retarding field of a triode 
having a high positive potential applied to its grid, and zero or small negative 
potential applied to its anode. Four different frequency ranges were fourd as 
follows: 

(1) In the retarding field between the electrodes there occur electron 
oscillations whose frequency in general increases with increasing field strength. 
The wavelengths can be calculated from-the potentials and the tube dimensions 
under the assumption that the electrons vibrate about the grid: Barkhausen- 
Kurz oscillations. 

(2) If there is an oscillation system connected to the tube electrodes, 
alternating fields are superposed on the steady fields produced by the d.c. 
voltages. As is theoretically shown in a simplified case, these tend to increase 
the frequency of the electrons and a building up process takes place, the final 
state of which is the natural frequency of the oscillation system: Gill and Mor- 
rell oscillations. Between both types of oscillations there is a constant tran- 
sition region where the frequency follows neither the natural wave of the 
oscillation system nor the Barkhausen-Kurz laws. 

(3) If in Barkhausen-Kurz oscillation the electrons vibrate about the 
grid (1), oscillations of higher frequency can appear with a grid of close mesh, 
which no longer occupy the whole anode-cathode space, but are confined to 
the anode-grid space. The frequency of a hypothetical oscillation in the grid- 
cathode space can be determined experimentally from the difference of the 
“longer” and “shorter” waves. This must remain constant for a constant grid- 
cathode space during a change of the grid-anode space, as was confirmed 
experimentally. Disturbances by Gill-Morrell oscillations (2) were sup- 
pressed by capacitive blocking of the electrode system. The “shorter” electron 
oscillations thus represent a special form of the Barkhausen-Kurz oscillations. 

(4) From these “higher frequency electron oscillations,” “higher fre- 
quency Gill-Morrell oscillations” can be produced in turn. The necessary 
high-frequency tuning of the electrode system is attained by half-wave ехсі- 
tation; thus with comparatively large electrodes 18 mm in external diameter, 
waves less than 20 cm long of considerable strength could be produced. 
A further reduction of the wavelength can only be obtained by reducing the 
dimensions of the electrodes. 


* Dewey decimal classification: R133. Original manuscript received 
by the Institute, August 16, 1928. Translation received, September 13, 
1928. This paper summarizes the results of a recent publication of the 
author in Ann. d. Phys., 86, 129, 1928. 
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Introduction 


N the generation of short electric waves by means of re- 
|| generative arrangements there is a lower limit occasioned 

by the fact that the time of transit of the electrons within 
the tube can no longer be ignored as compared with the period. 
Consequently the ordinary regenerative coupling conditions, as 
far as they concern the phase relations of the grid and anode 
alternating potentials, are no longer sufficient. For commercial 
tubes this lower limit is at about 1 meter, but the intensity of 
the oscillations is so slight as to be suitable only for measuring 
purposes.! 

Shorter waves can bé generated by the Barkhausen-Kurz 
method,? in which the frequency is mainly determined by the 
stay of the electrons in the inter-electrode space. In contrast 
with the ordinary method of operating the three-electrode tube, 
the grid potential is highly positive and the plate potential is 
negative. Because of the distribution of electric force inside the 
tube, there is a to and fro movement of the electrons about the 
grid, since those with high velocity that have passed through the 
meshes of the grid are reversed by the retarding field of the anode 
and are driven back to the grid; they then pass through it à 
second time and the process is repeated in the grid-cathode space. 

A confirmation of the views of Barkhausen and Kurz is found 
in the fact that the wavelengths produced are determined only 
by the dimensions of the tube and the applied potentials, and 
are not influenced by the constants of the associated circuits. 
With the simplifying assumption of plane electrodes and equal 
electrode spacings and disregarding the space charge, Barkhausen 
and Kurz give the following formula for the wavelength: 


1000d, 

VE, 
in which E, is the grid potential in volts, d, the diameter of the 
anode, while the potential of it, as well as that of the cathode, 
is zero. The dependence of the wavelength upon the determina- 


tive factors, electrode distances, and voltage is very well verified 
by experiment. 


A 


1 Huxford, Phys. Rev., 25, 636, 1925; Hollmann, Radio-Umschau, 177, 
1927; Deubner, Ann. d. Phys. 84, 429, 1927; Bergmann, Ann. d. Phys., 
85, 961, 1928; Englund, Proc. I.R.E., 15, 914, November, 1927. 

? Barkhausen and Kurz, Zeits. f. Phys., 21, 1, 1920. 
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The theoretical considerations of Barkhausen and Kurz were 
extended to cylindrical electrodes by Scheibe? for the practical 
case under consideration. Under certain conditions he found two 
different frequencies and observed a good agreement of the 
“longer waves” with the theory. The assumption that the 
“shorter” wave represented a harmonic of the “longer” wave was 
contradicted by the experiment. Scheibe obtained a considerable 
increase in the strength of the oscillations by coupling to the tube 
an oscillation system comprising two parallel wires, shunted by a 
bridge, and connected to plates and grid, respectively (Fig. 1). 
According to Scheibe’s results this external system has no effect 
on the wavelength, in agreement with the theory, but acts merely 
to increase the energy. 


A E 
| | 
e ies PONE | 


SESE 


Fig. 1 


The method of Barkhausen and Kurz has been used by 
various investigators for research, in the region of short waves, 
and in some of this work there have appeared small deviations 
from the theory, in that the wavelength is not always determined 
solely by the electrode potentials and spacing, but also depends 
upon the associated oscillation system. If the tuning system is 
directly at the tube electrodes as is shown in Fig. 1, its effect upon 
the electrode frequency is very great 57.8 Two short wires, 
connected with the grid and anode as antennas, affect the wave- 
length as well as the determinative factors.” 191 If such an 
antenna is coupled with a Lecher system for the measurement of 
the wavelength, an influence on the wavelength can still be 

3 Scheibe, Ann. d. Phys., 73, 54, 1924. 

* Gill and Morrell, Phil. Mag., 44, 161, 1922; 49, 369, 1925. 

* Grechowa, Zeits. f. Phys., 35, 50, 1926. 

* Kapzov, Zeits. f. Phys., 35, 129, 1926. 

1 Sahanek, Zeits. f. Phys., 26, 368, 1925. 

з Tank, Helv. Phys. Acta, 100, 1928. 

? Bock, Zeits. f. Phys., 31, 543, 1925. 


1? Schaefer and Merzkirch, Zeits. f. Phys., 23, 166, 1923. 
п Kapzov, l.c. 6. 
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detected since the resonance maxima are not fixed but “slide 
along” as the bridge is shifted.” 

Gill and Morrell‘ in particular discovered oscillations whose 
frequency was given exclusively by the oscillation system con- 
nected with the tube electrodes and was not affected by the 
electrode potentials. Kapzov and Gwosdower" state that these 
oscillations and those of the Barkhausen-Kurz type can occur 
in one and the same arrangement. 


I. Simultaneous Occurrence of Different Types of Electron 
Oscillations 


1. OSCILLATIONS OF THE TYPES or BARKHAUSEN-KURZ 
AND OF GILL-MORRELL 


In order to test the relationship observed by the different 
authors between the wavelength and the adjustment of the 


Se8BSSSER7 


eS See SSS 


Fig. 2 


oscillation system associated with the tube and also to check 
the discordant data of Barkhausen-Kurz and Scheibe, an ex- 
perimental arrangement as described by Scheibe and by Gill and 
Morrell was used. The oscillator is shown diagrammatically in 
Fig. 2a. The high-frequency system consists of two wires, con- 
nected to grid and plate of tube R, along which the bridge B 
can be slid. In the bridge, capacitively insulated, is a thermo- 
couple for measuring the oscillation current. It was calibrated 


12 Schriever, Ann. d. Phys., 63, 645, 1920. 
ч Карлоу and Gwosdower, Zeits f. Phys., 45, 114, 1927. 
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by comparison with a hot-wire ampereimeter at a frequency 
of 10°. Chokes are employed to minimize the disturbing effects 
of the leads. 

The tube R is a Schott transmitter tube, and is especially 
suitable for the generation of Barkhausen-Kurz oscillations. 
A positive potential of a few hundred volts is applied to the grid 
while the plate receives a small potential which is negative with 
respect to the cathode. The waves generated in the oscillator 
are measured by means of a Lecher parallel wire system with 
a detector as indicator. 

As the bridge B is moved along the wire, there occurs at cer- 
tain points a sudden rise in the plate current which after passing 
through a maximum gradually returns to its original value. 
According to the results of Scheibe a rise in the oscillation in- 
tensity with resonance of the external oscillation circuit is to 
be expected; this must be followed by similar changes in the 
plate current since according to Barkhausen and Kurz this is 
entirely due to the oscillation of the electrons. The abrupt rise in 
the anode current as well as its lack of resemblance to a resonance 
curve leads us to suspect a complicated process. 

As a matter of fact wavelength measurements showed that a 
considerable increase in frequency is associated with the rise of 
I,, and also that with the gradual decrease in the anode current 
the wavelength again returns to its old value. The curves in Fig. 
2b show this change in wavelength. They were taken by measur- 
ing the wavelengths for different positions of the bridge on the 
parallel wire system, and under different operating conditions. 
The anode potential was constantly — 20 volts, while that of the 
grid was varied. As the heating current fluctuated slightly with 
a change in J, and J,, the emission current I,+J, was kept 
constant instead. 

The curves indicate two completely different oscillation 
regimes, in region A one of lower frequency, and in region B one 
of higher frequency. The transition from A to B is always abrupt, 
but gradual in the reverse direction. We also see that if takes 
place sooner, that is, with a shorter natural wave of the tuning 
system the shorter the wave in the previous A region. 

If the first transition takes place at a wire length d of 50-53 
em, the process repeats at d=80-100 ст. Evidently in the 
later B regions we have overtones of the parallel wire system. 

The distinguishing characteristics of the two oscillation 
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phenomena reside less in the different frequency regions than 
in the fact that the A oscillations are not influenced at all by 
the external system and their frequency depends only on the 
electrode potentials, whereas the frequency of the B oscillations 
is completely fixed by the oscillation system. The wavelengths 
of the B oscillations lie on straight lines, dotted in Fig. 2b, which 
represent the calibration curves of the parallel wire system. 

It is clear from previous experiments that the A oscillations 
are pure electron oscillations as explained by Barkhausen and 
Kurz, that is, oscillations in which the electrons move to and 
fro in the stationary retarding field of the electrodes. The B 
oscillations likewise appear to be associated with electron oscilla- 
tions. This is indicated primarily by the direct connection 
between the starting of the oscillation and the previous A fre- 
quency. However, the frequency itself is prescribed by the 
natural frequency of the operating system and is not affected 
by variations in the operating conditions. Here it is a case, 
therefore, of Gill-Morrell oscillations‘ which are due to the 
alternating potentials induced in the oscillation circuit and 
superimposed on the d.c. potentials of the electrodes. An alter- 
nating field of the frequency of the oscillations is thus superposed 
upon the stationary retarding field and results in an electron 
movement differing from the pure Barkhausen-Kurz oscillations. 


2. INTENSITY VARIATION 


In Fig. 2 the anode potential was kept constant while the 
grid potential was varied. A similar diagram is obtained if the 
grid potential is kept constant and the anode voltage is changed. 
In Fig. 3a is a corresponding diagram for a fixed grid potential 
of 240 volts. The effect of the anode voltage on the frequency 
of the A oscillations as well as on the incipience of the B region 
is similar to that of the grid potential. The lower Figs. 3b and 
3c indicate how the anode current J, and the high-frequency 
current in the bridge 7; vary with the detuning of the oscillation 
circuit. First of all the abrupt rise of the anode current with the 
incipience of the B oscillations is clearly shown. It will also be 
noticed that the maximum of J, coincides with the maximum 
of I, (oscillation intensity). This may therefore serve as an 
index in the tuning process. With increasing negative anode 
potential the anode current decreases, and its maximum is dis- 
placed toward the shorter wavelengths or higher frequencies. If 
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the anode is strongly negative, at about 100 volts, there is no 
longer any noticeable anode current. Gill and Morrell obtained 
oscillations with the anode completely insulated. Electrometric 
measurements of the potentials of the free anode showed it to be 
strongly negatively charged. When the В oscillations start its 
potential increases. The curves of oscillation intensity Ja with 
a strongly negative anode and with a free anode are almost 
identical (ef. curves 5 and 6 in Fig. 3). 


Fig. 3 


The intensity of the B oscillations is considerable in com- 
parison with type A; high-frequency currents up to 0.6 amperes 
occur in the thermo-element. The A oscillations could not be 
detected with the thermo-element even with the aid of a rather 
sensitive galvanometer. This shows that the external oscillation 
system is almost non-participating in the A oscillation process. 

In the above case the maximum oscillation intensity was 
obtained at E,= —32 volts, d—44 em, and Е, = 240 volts. The 


236 Holimann: Electron Oscillations in a Triode 


current in the thermo-element was 0.56 ampere, the wavelength 
78 cm. Accordingly it can be assumed that there is a most 
favorable wave for each grid potential, at which the intensity 
can be maximized by the proper choice of the anode potential 
and tuning. 


3. THE TRANSITION 


In the first experiments it seemed as if the Barkhausen-Kurz 
(A range) oscillations changed abruptly into the Gill and Morrell 
oscillations in the B region. More careful experiments, however, 
have shown that the A oscillations decrease slowly, and that the 
B oscillations appear suddenly with great intensity. Therefore, 
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Fig. 4 


in a narrow region both oscillations can be present simul- 
taneously. Measurement of the differing frequencies by means ` 
of the Lecher system is generally impossible because the maxima 
of the Gill and Morrell oscillations mask the far weaker Bark- 
hausen-Kurz oscillations. However, it was observed that the A 
frequencies no longer remained constant after the B oscillations 
started, but drifted upward a few per cent. Fig. 4 shows the 
conditions at the transition in a particularly clear case; here the 
intensity distribution on the Lecher system was recorded over 
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several maxima for lengths d differing slightly. At d —54 em only 
Barkhausen-Kurz electron oscillations are present; on displacing 
the bridge but one centimeter, however, the Gill and Morrell 
oscillations predominate. At d=57 cm, the A oscillations are 
weak and at the same time their wavelength has decreased from 
138 to 101.5 em. Finally, with d=60 cm, only the short-wave 
B oscillations of Gill and Morrell are present. 


4. INFLUENCE OF THE EXTERNAL OSCILLATION SYSTEM 


For the production of the highest possible frequencies it is 
important first to generate “pure” electron oscillations of the 
A type which serve to initiate the shortest possible waves. 
According to the theory of Barkhausen-Kurz and the investiga- 
tions of Scheibe this may be brought about by increasing the 
field strength between the electrodes. Secondly, the beginning 
of the Gill and Morrell oscillations is to be displaced as far as 
possible toward the short waves. 


Fig. 5 shows that the starting point of the Gill-Morrell oscilla- 
tions is primarily determined by the character of the external 
oscillation system. The curves represent the effects of the high- 
frequency systems of different damping. This was done without 
shifting the tuning, by using materials with different conduc- 
tivity for the parallel wires. As shown, the beginning of the Gill 
and Morrell oscillation is delayed by increasing the damping. 

It is to be expected that a reduction of the damping must 
cause an extension of the B region. Experiments in this direction 
were not made, but this is explained by an observation given by 
Scheibe."4 


8 Scheibe, Jahrb. d. Draht. Tel., 27, 1, 1926. 


———— 
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In order to obtain Barkhausen-Kurz oscillations of greater 
intensity with parallel wires, Scheibe coupled two tubes together 
by their resonance circuits. Each of these tubes was able to set 
up independent oscillations, and he found that with external 
excitation by one, the other tube started to oscillate with 30—40 
per cent lower potentials than was required for spontaneous 
oscillation. If we assume that the oscillations produced by 
Scheibe were of the Gill-Morrell type, as is probable on account 
of his arrangement, the extension of the oscillation range is easily 
explained as a reduction in damping by the external excitation 
which naturally acts in the opposite sense to the increase in darap- 
ing previously described. 


During the course of the investigations a large number of 
widely different types of tubes were tried. Powerful electron 
oscillations of the A and B types were obtained with the French 
short-wave tube of the TMC type. This tube gave a 38-em 
wave with a high-frequency current of 0.12 ampere. Fig. 6 
shows a short-wave oscillator connected with this tube. To 
increase the radiation the-tuning bridge has been extended on 
both sides to form a symmetrical antenna. 
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5. THEORETICAL OBSERVATIONS 


(a) Calculation of the Electron Vibration Frequency in the 
Alternating Field. Barkhausen-Kurz gave a formula for the cal- 
culation of the electron frequency under simplified conditions. 
If in the calculation we consider instead of the stationary retard- 
ing field an alternating field, we may expect theoretically a 
change in the electron motion and with it a change in the fre- 
quency. The complete period is given as the time spent by an 
electron in the grid-anode and grid-cathode spaces. It will be 
assumed that both spaces are equal so that the calculation need 
be carried out for one space only. 

Assumptions: 

(1) Anode and cathode potentials are zero. 

(2) The grid is located midway between anode and cathode; 
that is, d, — d; =d (see Fig. 7). 


Anode Grid , Cathode 
' 


(3) The electrodes are plane. 

(4) Space charges are disregarded. 

(5) The oscillation produces an alternating potential only 
at the grid. 

Then the electric force in the inter-electrode space is: 


at ee sin (wt +) 
d 
and the equation for the motion of an electron is: 
E,+Eosin (wt+ġ) ат 


тез ? " 1 
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If we assume that the electron enters the inter-electrode 
space at time (—0 with the velocity vo and that at this instant 
also z—0, by double integration of (1) we get: 
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| Ав Є (wit) ¢-cosd sin *) 2) 
2 m: а? Q w? 
. А simple solution of this equation for £ is possible with the 
following assumptions: 
(1) The frequency of the alternating field is determined by 
the electron frequency. Therefore, if we make z—0 in (2), we 
get the time t, which corresponds to a half period; this is: 


w- t=— = т 


(2) At the time ¢=0, that is, at the instant of the passage 
of the electron through its meshes, the grid receives a negative 
charge, as most of the electrons strike the grid. At this instant, 
therefore, E, has its maximum negative value, that is, ф must be 
equal to —7/2. 

Then the duration of a semi-period is 
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If in (3) we substitute the value of v and of the potential in 
volts, we get the wavelength 
A=c-2-7 
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Concerning this equation (4) we notice first that when 
Еу=0 it changes into the equation given by Barkhausen-Kurz. 
It is only necessary to replace the electrode space d by the 
“anode diameter” d, which is equal to 4 -d, ex hypothesi. 

There is a shortening of the wavelength due to the alternating 
potential, E», as is seen from the following table: 

E, —500 volts, d 20.5 ст 


(4) 


Е, À 
0 89.5 em 
100 86.9 
200 82.5 
300 74.6 
400 58 
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If in (2) we substitute various values for ¢ starting from 
ой=т we get the curve of Fig. 8 for the path described by the 
electron. In this figure different values of Eo, alternating po- 
tential, are illustrated. We see how the excursions of the electron 
continually diminish with increasing Ё and the electrons always 
return sooner to the grid. Due to the simplifications, the curves 
give the course of the eleetron motion only qualitatively, and 
a hopeful comparison with experimental values cannot be 
attempted. 

(b) Mechanism of the Gill and Morrell Oscillations. On the 
basis of the above observations the mechanism of the Gill and 
Morrell oscillations can be explained as follows: 

Assume that the oscillation circuit tuning is changed from 
shorter to longer waves. At first its natural wavelength is far 
below the excitation frequency of the Barkhausen-Kurz oscilla- 
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Fig. 8 


tions; hence the alternating potential between the electrodes 
is very small and we have “pure” electron oscillations in the 
sense of Barkhausen and Kurz. (See Fig. 8, Fo=0.) As the 
oscillation circuit is tuned to the exciting wave, the alternating 
potential at the electrodes rises, corresponding to the resonance 
curves, until a certain potential, designated as the “ignition 
potential,” is reached. 

Now the alternating field superposed upon the stationary 
retarding fields causes a shortening of the exciting wave so that 
the attainment of resonance is accelerated; the result is an 
additional strengthening of the alternating field and so on, that is, 
a building-up process takes place which rapidly affects both the 
alternating potential and the frequency. The final stable state 
is reached when the frequency of the electron vibrations coincides 
with the proper frequency of the oscillating system, for an in- 
crease in the excitation frequency above resonance would cause 
a weakening of the alternating field. From this it is evident 
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that the frequency of the Gill and Morrell oscillations is deter- 
mined only by the natural wavelength of the tuning system. 

On the other hand, if the natural wavelength of the oscillation 
circuit is above the Barkhausen-Kurz wavelength, an alternating 
field also arises on approaching resonance, but as this reduces 
the exciting wave its action is opposite to the above and causes a 
displacement from resonance. A building-up process is therefore 
discouraged. Only on approaching the exciting wavelength from 
longer natural wavelengths are the Barkhausen-Kurz waves 
gradually shortened, and thus we get the explanation of the 
course of the frequency curves in Fig. 2b as well as Fig. За, with its 
abrupt start on one side and its gradual transition on the other. 


Fig. 9 


It is proper to find analogies between the above building-up 
process and the building-up of oscillations in regenerative cir- 
cuits. Therefore it is not to be wondered at that the well known 
“pulling” (ziehen) of the usual transmitter was also observed 
in the oscillations present here. The starting point of the Gill 
and Morrell oscillations is not determined uniquely, but is dis- 
placed somewhat according to whether the tuning of the system 
is varied from longer to shorter waves or the reverse. For this 
reason the data of the curves in these illustrations were all taken 
in the same direction, namely from shorter to longer waves. 
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Summarizing the results of Part I it may be stated that two 
different kinds of electron oscillations occur with the retarding 
field connection of Barkhausen-Kurz, those of a pure Bark- 
hausen-Kurz type, in which the frequency is determined by the 
stationary interelectrode fields, and those of Gill and Morrell 
whose frequency agrees exactly with the natural frequency of 
the tuning system. Between these types of oscillations there is 
a region of steady transition, in which there is a departure from 
the true wavelength of the oscillation circuit and a gradual 
transition toward the Barkhausen-Kurz frequency. Therefore 
if “pure” oscillations of one or the other form are desired, the 
external system must be carefully and properly tuned. Care- 
lessness in this tuning process may be suggested as the cause of 
many disagreements between different authors. In this connec- 
tion it must be observed that the leads or tube electrodes may 
themselves comprise an oscillation system and be capable of pro- 
ducing Gill and Morrell oscillations. 
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II. Electron Oscillations of Similar Type of Different 
Frequencies 


1. SHORTER AND LONGER BARKHAUSEN-KURZ 
OSCILLATIONS 


Scheibe* has already reported Barkhausen-Kurz oscillations 
of two different frequency ranges. In the course of my own 
investigations I likewise observed a higher frequency wave range 
with the lower range, but could not reproduce it with certainty. 
I later substituted for the Schott tube a specially construeted 
electrode system supported by a small glass frame which by 
means of a ground joint could be placed in a glass vessel con- 
nected with a vacuum pump. 
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For the generation of highest frequencies it is naturally of the 
greatest importance to ascertain the conditions under which the 
higher frequency range of the Barkhausen-Kurz oscillations 
occurs. On account of the large number of f requeney-determining 
factors the variables must be restricted as much as possible and 
for this reason the radial dimensions of the tube, that is, the grid 
and anode diameters, were first maintained constant. The only 
variable factor which remained was the pitch of the grid. 

As the Schott tubes have an average of 8-10 turns per em 
of grid length, a grid with 15 turns per em was made and inserted 
in the anode cylinder of a Schott tube. The study of this system 
showed that under the same operating conditions strong 
"shorter" waves were readily obtained, whereas even at higher 
grid potentials no “longer” Barkhausen-Kurz oscillations could 
be detected. For more systematic investigation of the dis- 
tribution of the two frequencies over the entire oscillation range 
under different operating conditions, the same grid system was 
successively provided with windings of 8 different pitches and with 
different grid potentials. In order to exclude Gill and Morrell 
oscillations with certainty, the electrodes, as can be seen in Fig. 9, 
were bridged on both sides by two blocking condensers and the 
external oscillation system, or leads, are carried off in this way. 

The results of the investigation are shown in Fig. 10, in which 
both frequencies are given as functions of the grid potential. 
With 6 windings per em the “longer” waves are present ex- 
clusively; with 12 windings per cm the short waves appear at 
Е,=260; with 22 windings per em these start at E,=150 volts. 
Then the longer waves appear with the shorter up to 180 volts. 
It is clear from the measurements that the shorter waves start 
the more readily the smaller the pitch of the grid helix. If we 
compute the ratio of the wavelengths, the resulting values differ 
from 2. "Thus, as Scheibe has emphasized, it is demonstrated 
that the shorter waves cannot be regarded as overtones of the 
longer. 


2. MECHANISM OF THE SHORTER AND LONGER 
BanKHAUSEN-Kunz OSCILLATIONS 


The observation that the permeability of the grid is deter- 
minative for the appearance of the longer or shorter Barkhausen- 
Kurz oscillation leads to the following explanation: In their 
theory Barkhausen and Kurz assume that the electrons swing 
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about the grid; this view is fortified by the experimental agree- 
ment. In Fig. 11 on the left there is shown the motion of an 
electron which swings twice about the grid. As the anode has a 
negative potential the electron reverses in front of it at the 
position of the surface of zero potential. 

A large part of the electrons emitted by the cathode, of course, 
do not penetrate the grid after their first journey through the 
grid-cathode space, but strike the grid wires. These electrons 
impart all their energy to the grid, and need not be considered 
in the generation of oscillations. With the electrons which are 
reversed in the grid-anode space but which do not pass through 
the grid the second time, however, the case is quite different. 
On account of their vibratory motion in the retarding field of the 
anode, they are capable of supplying energy for the production 
of oscillations. The frequency of these oscillations is determined 
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Fig. 11 


only by the stay of the electrons in the grid-anode space and 
must therefore be higher than the electron oscillations in the 
anode-cathode space itself. At the right of Fig. 11 is shown the 
motion of an electron which moves to and fro once in the grid- 
anode space. It must also be remembered that the electrons can 
swing to and fro several times in the grid-anode space, chiefly 
under the influence of the alternating potentials at the grid. 
We are then dealing with Gill and Morrell oscillations, which 
will be discussed later. 

On the basis of this picture of the mechanism of the higher 
frequency electron oscillations, it is comprehensible that the 
permeability of the grid influences the appearance of one fre- 
quency range or the other. The narrower the mesh of the grid 
the lower will be the percentage of electrons that pass through 
it until finally no vibratory motion at all takes place about the 
grid, it being then entirely confined to the grid-anode space. 
This could be shown experimentally. 
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Scheibe has already considered the stay of the electrons in 
the grid-anode and in the grid-cathode spaces separately. His 
formula for the calculation of the wavelength permits the direct 
calculation of the two partial frequencies separately. This cal- 
culation is carried out for the system used and the result is shown 
in Fig. 10. It is seen that the longer waves show a considerable 
deviation from the experimental values; neither is a quantitative 
agreement of the shorter waves to be expected, so that a proof 
could not be adduced from this. 


3. EXPERIMENTAL TESTS 


The wavelength of the Barkhausen-Kurz oscillations in- 
volving the entire interelectrode space will be designated by 
Мас; as has already been explained they consist of two partial 
oscillations, namely the electron motion in the grid-anode space 
whose wavelength is Ха and in the grid-cathode space of wave- 
length Acc, so that 


Mac —Àa4-- ^oc 


Only the waves Мас and Aga can be excited; Авс cannot 
appear physically, at least not in a normal three-electrode tube. 
It can be determined indirectly experimentally from the differ- 
ence between the longer and the shorter waves, for according 
to the above equation: 


Aoc =)ace—Aea 


Constant operating conditions being assumed, Age must de- 
pend entirely on the dimensions of the grid-cathode space. If 
the dimensions of the grid-anode space are changed by increasing 
the anode diameter, only a change in A4c and Aga сап be ex- 
pected, while their difference, Acc, must remain constant. 

I have previously diseussed the dependence of both waves 
upon the grid potential (Fig. 10) for an anode diameter of 18 
mm. With the same grid inserted in an anode with a diameter of 
26 mm, and with a variation of the grid pitch, the longer and 
shorter waves are found over the same potential range. The 
new system is shown in Fig. 12. It is also shunted by two block- 
ing condensers so that only “pure” electron oscillations can occur. 
The curves in Fig. 13 show the frequency; in spite of the great 
change in grid winding, both waves could be obtained over a 
small potential range. At low grid potentials the frequency 
deviates from the direction expected from theory, increasing 
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with the potential; only above 180 volts does the course cor- 
respond with the theory. This abnormal action is probably due 
to the fact that at low potentials the space charge is accentuated 
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and its effect on the frequency, especially in the large grid-anode 
space, may become of importance. 

The difference in both curves gives Acc as a function of the 
operating potentials for each system. The course of this curve 
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is shown in Fig. 14, the solid curve for the 18 mm system, and the 
dotted curve for the 26 mm system. The close correspondence 
of the grid-cathode waves of the two systems furnishes excellent 
support for the above view of the mechanism of the shorter 
electron waves. 
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4. GILL-MORRELL OSCILLATIONS OF HIGHER 
FREQUENCY 

If the shorter electron oscillations are a special form of the 
Barkhausen-Kurz oscillations one may expect that, like the longer 
waves, they are affected by the alternating field between the 
electrodes. This follows from the theoretical observations of 
Section 5 of Part I which hold as well for the grid-anode space as 
for the whole anode-catho:le space. 


Fig. 15 


In the effort to produce the highest possible frequencies, a 
system was constructed in which the electrodes were excited in 
antiresonance, and in which the oscillation-circuit was partially 
inside the tube and partially outside. If one oscillation node is 
fixed by the position of the internal condenser (see Fig. 15), the 
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Fig. 16 


other can be adjusted by shifting the bridge on the external 
parallel wires. Fig. 16 shows the frequency curves for constant 
operating potentials of 360 and —20 volts. D, the length of the 
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wire system within the tube, is taken as a parameter. Gill-Morrell 
oscillations of lower or higher frequency are set up depending 
upon the tuning condition. With D equal to 5 mm, a wave of 
21.7 em can be produced whose intensity is so great that measure- 
ment of wavelength could be made at a distance of 2 meters. 

In order to produce, still shorter waves a system of low 
damping was constructed in which only the half-wave oscillation 
was permitted. As shown in Гір. 17, for this purpose grid and 
anode are equipped on both sides with longitudinal wires along 
which capacity bridges can be shifted. The entire oscillation 
system is thus within the tube. 


Fig. 17 


With this system two frequency ranges could be obtained 
by varying the operating conditions, first the Barkhausen-Kurz 
higher-frequency oscillations (as a comparison with earlier 
measurements showed) and second, the Gill-Morrell higher 


Fig. 18 


frequency oscillation, whose wavelength is given by the distance 
of the two condensers in the tube. If the Gill-Morrell wave is 
plotted as a function of this distance, we get the calibration curve 
of the oscillator (Fig. 18). 


250 Hollmann: Electron Oscillations in a Triode 


The smallest adjustable length, D, was 23 mm; for this there 
was obtained a 20.8-em wave. Extrapolating the curve to smaller 
D, which is permissible on account of its linearity, we find for 
D=10 mm, the length of the electrodes themselves, a wavelength 
of 18.5 em; this represents the shortest wave that can be obtained 
with the present system. 

During all previous investigations the radial dimensions of 
the electrodes were kept constant. These are potential additional 
means for reducing the Barkhausen-Kurz frequency. The system 
shown in Fig. 19 was therefore constructed, in which the anode 
was reduced to a diameter of 11 mm, and the grid to a section 
of 3X3 mm. With this system Barkhausen-Kurz oscillations 
of the higher frequeney were obtained which averaged an octave 


Fig. 19 


higher than the previous system. By suitable tuning of the oscil- 
lation system Gill-Morrell oscillations of higher and lower fre- 
quency could be produced. The shortest tuning-system length 
was fixed by the fastening-pieces of the heating filament at 36 
mm; for this there was a natural wave of 22.5 em. With a grid 
potential of 360 volts Barkhausen-Kurz oscillations of 21.4 cm 
were still obtained; accordingly, with a proper tuning system 
Gill-Morrell oscillations down to 15 em might be obtained with 
safety. 
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A CONVENIENT METHOD FOR REFERRING SECOND- 
ARY FREQUENCY STANDARDS TO A STANDARD 
TIME INTERVAL* 


By 
L. M. Нои, AN» J. К. CLAPP 


{Research Laboratory, General Radio Co., Cambridge, Mass.) 


Summary—A method is described for obtaining a convenient low 
frequency from a high-frequency standard by means of harmonic control of 
distorted wave oscillators (multi-vibrators). In the equipment described two 
such oscillators are employed, for convenience in arriving at a harmonic 
series of frequencies, based on 10-kc fundamental, as well as a frequency of 
1 kc for operation of the clock motor, from a standard frequency of 50 kc. 
The conclusions based upon an experimental investigation of harmonic 
control of the distorted wave oscillators are given. Representative curves of 
the variations in frequency of the 50-kc standard for 10-day intervals are 
shown. 


1. INTRODUCTION 


N recent years the technique of frequency standardization 

has been refined and improved through the development of 

oscillating systems which are so nearly invariant that their 
average frequency is practically independent of the time interval 
for which the average is determined. Such a system permits 
the determination of frequency, by counting successive cycles, 
to a degree of precision which is usually limited only by the 
patience of the observer. Extensive use of this "absolute" 
method of frequency measurement has suggested the concept 
of the earth's rotational frequency, or a time interval defined 
thereby, as à fundamental standard for frequencies of all mag- 
nitudes. 

Practical methods for maintaining various types of oscillators 
as the intermediate links between the desired frequency and a 
standard time interval have been described in the literature. It 
is the purpose of the present paper to call attention to an appli- 
cation of the same general principle to a specific problem of 
laboratory calibration. The results déscribed have a general 
significance insofar as they relate to the establishment of a 
harmonic series of standard frequencies. 


* Dewey decimal classification: R210. Original manuscript received 
by the Institute, November 15, 1928. 
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At the present time there are approximately 600 radio broad- 
cast stations operating more or less continuously in the United 
States. The transmitters of these stations have an irregular 
geographical distribution and to each transmitter is assigned as 
a carrier one of the 96 decimal frequencies between and including 
the limits of 1500-550 ke. The universal problem of interference 
is not solved by accurate maintenance of the carrier frequencies 
on their assigned values, but such maintenance is obviously a 
primary essential. Although piezo-electric oscillators, or their 
equivalent, will ultimately be incorporated as integral frequeney 
control elements of all broadeast transmitters, such arrangements 
are not now in general use. Small portable piezo oscillators are 
widely employed in the broadcasting stations as comparison 
standards, by means of which their carrier frequencies may be 
occasionally corrected. The problem of accurate adjustment of 
quantities of these control and comparison standards to the 
even decimal frequencies employed by these stations has sug- 
gested the calibration method which we are to deseribe. 


2. ExPERIMENTAL METHOD 


The general technique of “direct” calibration from a single- 
frequency source, which in turn is compared with the earth's 
rotational frequency, is based upon an assumption which may 
be stated as follows: if oseillations of constant periodicity occur 
in two independent systems and either system be so adjusted 
that the fundamental constituent of its oscillation coincides 
constantly with a harmonic constituent of the oscillation in the 
other system, then the fundamental frequency of either system 
is uniquely determined in terms of the other. The propriety of 
this assumption will not be discussed here although other investi- 
gators have given attention to specific phases of it, as for instance 
by examining the validity of identifying with integral harmonic 
ratios the various emission frequencies from a multivibrator!. 
If, therefore, our fundamental oscillation occurs at a low fre- 
quency and is associated with a substantial series of real har- 
monies, the physieal comparison of an unknown frequency with 
the frequency of one of these harmonics is considered to be an 
absolute comparison with the fundamental. Since the ultimate 
standard of frequency is very low indeed compared with what 


! D. W. Dye, “А Self-Contained Harmonie Wavemeter", Phil. Trans. 
Roy. Soc. of 224, A, London, 279. 
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we normally have to measure, it is customary to employ the 
intermediate source of oscillations previously mentioned as the 
basis of the harmonic series from which calibrations are actually 
made. 

An electro-mechanical oscillator such as a tuning fork has 
been extensively used as an intermediate source. A tube-driven 
fork can be coupled directly to the counting mechanism, but 
the fundamental frequency is inconveniently remote from the 
frequencies at which calibrations are required in the present case; 
also the fork is subject to the familiar limitations arising from 
its damping and its temperature coefficient. The use of a piezo- 
electric oscillator as the intermediate source has been described 
in an important paper read before the Washington meeting of 
U.R.S.I. in October, 1927.2 The quartz oscillator exhibits small 
perturbations under reasonable operating conditions, and permits 
the establishment of a harmonic series from a fundamental of 
higher frequency. It requires, however, a very stable and reliable 
electrical system for converting its fundamental frequency into a 
lower frequency suitable for operating the counting mechanism. 

In the system to be discussed in the present paper, a piezo- 
electric oscillator is employed as the intermediate source. But 
for the step-down frequency converter, a system describing 
"relaxation oscillations"? is adopted because it has been found to 
offer many advantages for the specific problem in hand. An 
intermediate frequency of 50 ke is chosen for convenience. The 
relaxation oscillator can be adjusted to yield a highly stable 
fundamental at 1 ke or even less, directly controlled by the 50-ке 
source, which operates a small impulse motor, running in air, 
for the counting mechanism. Furthermore, the controlled 
relaxation oscillator, if properly designed, is an extremely simple 
piece of equipment. 

Two general types of relaxation oscillator have been sug- 
gested for use as step-down frequency converters. The simplest 
is à neon discharge tube, used in virtue of its so-called cut-off 
characteristic to sustain oscillations in a circuit comprising à 
direct-current source, a resistance, and a condenser. The oscil- 


? J. W. Horton and W. A. Marrison, “Precision Determination of 
Frequency." Paper read at meeting of the International Union of Scientific 
Radiotelegraphy, Washington, D. C., Oct. 13, 1927. Proc. I.R.E., 16, 
137; February, 1928. 


3 Balth. van der Pol, Jr., “On Relaxation Oscillations,’ Phil. Mag., 
978, Nov., 1926, also Zeits. f. Hochfreq. Technik, 29, 114, 1927. 
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lations of such a circuit are rich in harmonies and if a second 
oscillation of a higher frequency is injected into the circuit, the 
relaxation oscillation may assume a frequency which is an 
integral submultiple of the injected frequency. It is possible to 
maintain an oscillation in such a circuit whose fiftieth harmonic 
coincides with the injected frequency. But the behavior of this 
control effect on such high orders is relatively unsatisfactory, as 
minute variations in either the injected voltage or the direct 
voltage are likely to destroy the control. The other type of 
oscillator is the Abraham-Bloch multivibrator. Doubtless 
there are many other forms of relaxation oscillator which present 
similar characteristics, but the modified multivibrator has proved 
so satisfactory that no others have been investigated. 

The multivibrator consists essentially of an aperiodic circuit 
in which oscillations of irregular waveform are sustained by a 
triode excited by a second triode which provides the proper 
phase relation for maintenance. It was first used as a rich source 
of harmonics, in which the fundamental constituent is deter- 
mined by and probably maintains a constant phase relation 
with a low-frequency injected oscillation. In its usual form it 
therefore constitutes a frequency multiplier or step-up frequency 
converter suitable for comparing high frequencies with a low- 
frequency standard. Some time ago one of the present authors? 
suggested the possibility of controlling a multivibrator at a 
fundamental frequency which is an integral submultiple of the 
injected control frequency, thus making it a step-down frequency 
converter. In this case the control oscillation coincides with a 
harmonic of the multivibrator. When this condition is established 
experimentally, the multivibrator is definitely controlled by the 
injected high-frequency oscillation, and the multivibrator oscil- 
lation has certain characteristics which distinguish this “con- 
trolled” state of oscillation. Since this system appears to be well 
adapted for driving a counting mechanism at frequencies as 
low as one one-hundredth of the constant frequency source, we 
shall examine in detail its behavior in the role of a controlled 
submultiple generator. 

+J. К. Clapp, “Universal Frequency Standardization from a Single 


Frequency Source," Jour. Opt. Soc. Amer. and Rev. Scien. Instr., 15, 
25, July, 1927. 
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3. Harmonic CoNTROL оғ MULTIVIBRATOR 


No adequate mathematical analysis of the action of the 
multivibrator has been given. In the practical case large voltage 
amplitudes are encountered, carrying the operating points of 
the vacuum tubes far beyond the region of the characteristic 
which might be treated under limited series solutions for small 
amplitude oscillations such as van der Pol's? But large ampli- 
tudes are required to obtain an extended series of harmonic 
frequencies of useful amplitude. It thus appears that the only 
feasible investigation of multivibrator oscillations, meeting our 
physical requirements, demands sufficiently complete experi- 
mentation to permit valid generalizations to be drawn. 

The basic assumption of integral ratios between the harmonics 
and fundamental emitted by a multivibrator allows frequency 
comparisons to be made, but does not necessarily imply that the 
controlled multivibrator has a harmonie frequency, of value 
equal to the frequency of the controlling source, and of invariant 
phase with respect to this source. A regular, or irregular, vari- 
ation in phase might conceivably exist. 

We define the “controlled” state for the multivibrator as 
that state of operation in which one of the multivibrator har- 
monies does not change phase with respect to the fundamental 
frequency of the controlling source by more than 360 electrical 
degrees in any arbitrary time interval. Then, by the assumption 
of integral harmonic frequencies, the fundamental frequency of 
the multivibrator is an exact submultiple of the controlling 
frequency. We shall next examine the experimental conditions 
for permanently establishing this controlled state on the desired 
harmonic order. 

All the experiments have been carried out with no inductance, 
save that of strays, in the circuits of the multivibrators because 
it seemed logical to reduce the electrical inertia to a minimum 
when searching for the most stable and unambiguous control 
condition. 

Preliminary studies indicated that the control stability in 
any multivibrator was increased by the injection of the control 
voltage into the common plate lead of the multivibrator tubes, 
as compared with injection into the circuits of either tube indi- 
vidually. Such increased stability is obtained, however, only if 
the multivibrator tube cireuits are unsymmetrical so that an 
appreciable resultant plate current exists in the common lead. 
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The use of the unsymmetrical multivibrator in this connection 
resulted from earlier work by one of the authors with the sym- 
metrical arrangements. Dissymmetry was first attained through 
the use of tubes of different type, having widely differing filament 
emissions. Later work showed the same result was obtained with 
tubes of the same type, if the circuit constants were made dis- 
symmetrical, as by the use of resistances 20 to 50 times as great 
in one tube plate circuit as in Ше other. 

As a result of this dissymmetry, one tube operates as a 
“throttle,” the operating point sweeping across the entire char- 
acteristic from saturation to cut-off, while the other operates 
substantially as a normal amplifier. This type of operation, no 
matter how attained, is characteristically favorable for stable 
control. 

A tube is employed between the controlling source and the 
multivibrator which does not function primarily as an amplifier, 
but as a one-way relay, whose purpose is to isolate the standard 
source from reactions due to the multivibrator. This is not only 
generally desirable, but it is a necessity if the standard is to 
maintain its frequency with extreme constancy. An ordinary 
vacuum-tube amplifier circuit is not sufficient when the con- 
trolling frequency is as high as 50 ke. Either a tetrode, utilized 
as a “screened grid" amplifier, or a carefully neutralized triode, 
must be employed. 

In this work the choice of the standard was made in favor of 
a very heavy quartz bar whose frequency lay close to 50 ke. 
For convenience, only, the order of frequency division was taken 
as 50, so that the controlled multivibrator fundamental would 
be close to 1 kc. The impulse motor and clock train were designed 
to keep correct time when the frequency applied was 1,000 
cycles per second, so that with this division the timing of the 
high-frequency source is reduced to observations of small time 
errors indicated by the clock. 

The schematic circuit arrangement for a single controlled 
multivibrator is given in Fig. 1. In the absence of the tetrode 
and the resistance №, the uncontrolled multivibrator remains. 
In this work the resistances were fixed and variation of the 
fundamental frequency of the multivibrator attained by simul- 
taneous variation of the capacities C. In the uncontrolled state, 
variation of these capacities produces a corresponding smooth 
variation of fundamental frequency of the multivibrator. 
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The application of a controlling voltage, e., to the grid of the 
isolating tube results in the injection of a voltage of the same 
frequency into the multivibrator circuit. Provided that the 
voltage is sufficiently great, that is, greater than a few hundredths 
of a volt, variation of the condensers C no longer produces a 
smooth and continuous change of fundamental frequency of the 
multivibrator. For certain separated ranges of values for C, the 
fundamental frequency of the multivibrator assumes discreet 
values, these being submultiples of the control frequency and 
invariant over the particular range of C. Between the ranges of 
С at which these discreet frequencies exist there are "transition" 
ranges in which no stable value exists for the fundamental 
frequency of the multivibrator. In these transition ranges the 
multivibrator attempts to oscillate in the controlled and un- 
controlled states simultaneously, or, if the control voltage be 


TETRODE MULTIVIBRATOR 


Re >> Р, 
RA > Rye 


CONTROL VOLTAGE €. 
сє reequency f.. 


Fig. 1—Multivibrator of Fundamental Frequency f-/n, where n is order 
number of harmonic at which control takes place. 


sufficiently great, in adjacent controlled states. Observed by 
oscillograph, it is seen that in the latter case the fundamental 
oscillation of the multivibrator consists of a number of cycles of 
one discreet frequency and then one or more cycles at another 
discreet frequency. The oscillations alternate between the two 
frequencies in an irregular manner, there being no definite 
number of cycles in sequence of either of the two frequencies. 

With small values of controlling voltage the operation is 
generally such that in the transition ranges of capacity, between 
those at which discreet and invariant values of fundamental 
frequency are obtained, the multivibrator oscillates in the 
uncontrolled condition. The regions in which control is attained 
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are well defined and the controlled state is fairly stable. This 
mode of operation may be termed the ‘‘under-voltaged controlled 
state." If the control voltage be increased in magnitude, the 
transition ranges of capacity over which uncontrolled or unstable 
operation is obtained, are reduced progressively as the control 
voltage magnitude is raised, until finally the multivibrator 
fundamental frequency changes abruptly from one mode to the 
next upon varying the capacities through a very small transition 
range. This state of control may be termed the ''over-voltaged 
controlled state" and represents that condition of operation 
which is believed to be the most stable and most desirable. In 
this condition, variation of eapacity from maximum to minimum 
results in the production of a series of discreet fundamental 
frequencies for the multivibrator, the number of such frequencies 
which may be obtained being dependent upon the range of 
variation of capacity and upon the order of control which has 
been set up. 

If the control voltage be inereased beyond the point at which 
the transition ranges first shrink substantially to zero an effect 
which may be termed “drawing” is produced. This drawing 
effect consists of a progressive increase in the multivibrator 
fundamental frequency through discreet steps representing 
the successive harmonic control orders, as the amplitude of 
the control voltage is increased. In other words, the funda- 
mental frequency is drawn toward the control frequency as 
the control influence is made stronger. If a particular control 
order is desired this drawing effect must be compensated by 
an increase in the multivibrator capacity or resistance. But 
this in turn tends to move the time constant of the multivi- 
brator circuit away from the fundamental frequency at which it 
is being forced to oscillate, which ultimately reduces the control 
stability on its own account. The net result of these effects is 
the appearance of a fairly definite optimum value of control 
voltage for any given harmonic order. 

We come now to somewhat more generalized conclusions 
concerning the dependence of the control range, the control 
order and the wave-form of the multivibrator oscillations upon 
variations of control voltage magnitude, variations in multi- 
vibrator fundamental frequency as produced by symmetrical 
variations in the multivibrator circuit constants, and by varia- 
tionsin the degree of dissymmetry of the multivibrator circuit pro- 
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duced by a non-symmetrical variation of the circuit constants. 
These considerations are best indicated by an outline: 


* А Small ес 
is Seago in control 
1. \ voltage, ec 


Large ec. 


Variations in multivibrator fun- 
damental frequency due to sym- 
metrical changes іп circuit 
constants. (С, С, varied). 


2. 


metry of multivibrator circuit. 


Limited control range, though control is stable 
within range. 

Waveform of same type for various orders of control. 

Maximum control range; further increases of control 
voltage produce changes in order of control by “draw- 
ing,” with narrowing of control range if e; be made 
|large enough. 


Control order changes in successive steps to lower 
orders as fundamental frequency of multivibrator is 
raised toward control frequency. 

Gontrol range narrow with small ec; control range 
wide with large ec. 

Waveform of same type for the various contro 
orders. 

Control order remains constant. 

Waveform alters in discreet steps to forms in which 
the “positive” and “negative” portions of the wave 


[metry ы" in degree of dissym- 
3 


(Rp: only varied) are in integral ratios of time, the total time remaining 


constant. 

Based upon the experimental evidence, an important general- 
ization may be drawn. Symmetrical changes in circuit constants 
produce effects similar to symmetrical changes in control voltage 
magnitude. (Changes in control voltage are inherently symmetri- 
cal in the arrangement used, since the same voltage is injected 
in the plate circuits of both tubes.) These effects are character- 
ized by control at successive orders with no major changes in 
the waveform. Changes in the degree of dissymmetry of the cir- 
cuit result in discreet changes of waveform, the control order 
usually remaining fixed. These changes of waveform are char- 
acterized by discreet changes in the ratio of time of "negative" 
to time of "positive" portion of cycle, the total time remaining 
constant. 

It is worthy of note that under no operating condition was 
the stability of control improved by distorting the waveform of 
the control voltage to produce harmonies which might “lock in" 
with the higher harmonies of the multivibrator. This appears 
to be due to the fact that the effect which we term "control" 
occurs at a certain definite phase relation between the control 
wave and the corresponding multivibrator harmonie, and the 
phase differences between the higher harmonies of both sources, 
although invariant, may either aid or oppose the control which 
is already established. 

The oscillograms of Fig. 2 indieate the phenomena observed. 
These oscillograms are line drawings of experimental observa- 
tions of the plate current in that multivibrator tube which oper- 
ates through the low external plate resistance. This current has 
in all cases the same general waveform as the relatively minute 
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plate current in the throttle tube and also the current in the 
common plate circuit which includes the control tube. 

Diagram A indicates the changes resulting from variations of 
the magnitude of the control voltage, all other factors remaining 
constant. The waveform remains essentially the same. As the 
control voltage is raised, the fundamental frequency of the multi- 
vibrator is also raised, being "drawn" toward the frequency of 
the controlling voltage. These observations give a reasonable 
explanation of the fact that in a symmetrical multivibrater a 
strong preference is evidenced for control to take place at even 
ratios, because of the symmetry of the "positive" and "negative" 


UNSYMMETRICAL UNCONTROLLED 
MULTIVIBRATOR. 


4| 1250 mmf. ina 
€, VARIED. C VARIED 


Fig. 2—Waveform and Frequency of Controlled Multivibrator, as shown by 
ep (Fig. 1), as functions of e, Cm, and Rp: as variables. 


portions of the wave. With the dissymmetrical multivibrator 
such a preference does not appear to exist, which is explainable 
on the basis that the inherently unsymmetrical waveform readily 
adjusts itself so that one portion of the wave occupies a time 
interval equal to that of an odd number of cycles of the con- 
trolling frequency, while the other portion of the wave oceupies 
a time interval corresponding to an even number of cycles of the 
control frequency. These conditions are illustrated in particular 
by the lower diagram for the frequency ratio of 1/7. Here the 
“positive” portion of the wave occupies a time interval of 3 
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cycles of the control frequency, while the "negative" portion 
occupies a time interval of 4 cycles. If the waveform is more 
nearly symmetrical, the multivibrator must be forced to operate 
dissymmetrically, by the controlling influence, in order that odd 
frequency ratios may be obtained, consequently requiring & 
greater controlling influence than in the unsymmetrical case. 

In diagram B are shown sketches of the waveforms resulting 
from variation, in a symmetrical manner, of the capacities C 
of the multivibrator circuit, all other factors remaining constant. 
The waveform is seen to remain essentially constant but the 
frequency assumes three discreet values, bearing the ratios 
1/6, 1/7, and 1 /8 to the controlling frequency. The most stable 
adjustment of capacities is at a value slightly below the middle 
of the control range. 

These two diagrams, 2A and 2B, illustrate clearly the equiva- 
lent effects of symmetrical changes of controlling voltage and of 
circuit constants upon the waveform and frequency of the multi- 
vibrator oscillations. 

Diagram 2C indicates the changes in waveform as the lower 
of the two plate circuit resistances of the multivibrator is varied. 
In this case Rpı was 400,000 ohms, Rp variable between 0 and 
18,000 ohms, and R was 10,000 ohms. The multivibrator re- 
mained in control at all values of Ry», with a fundamental fre- 
quency which was one-twelfth of the controlling frequency. The 
successive discreet waveforms were obtained over considerable 
ranges of values for Rp, as indicated by the marginal notations ip 
the figure. The integral ratios of the times for the two portions 
of the cycle are clearly indicated, as well as the manner in which 
the serrations due to the controlling frequency shift by single 
units as Rẹ was continuously varied. 

The assembly finally employed consists of two multivibrators 
in cascade, the choice of ratios being determined by the available 
standard frequency, the normal frequency of the clock motor and 
tho fact that a series of harmonies based on 10-ke fundamental 
frequency was desired for calibration purposes. While frequency 
ratios with a single multivibrator of the order of 50 may be ob- 
tained with stable operation, it would have been necessary to 
utilize a second multivibrator in this case to obtain the desired 
harmonic series. Therefore the multivibrators were compounded, 
the first operating with a frequency ratio of 5, whose fundamental 
frequency was therefore 10 ke, and the second with a frequency 
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ratio of 10, whose fundamental was consequently 1 ke. Provision 
was made for a small coupling coil to be inserted in the first 
multivibrator circuits so that the series of 10-ke harmonies could 
be utilized external to the assembly. The complete wiring dia- 
gram of the assembly is given in Fig. 4, on which the values of 
the various circuit constants are shown as well as the normal 
ranges of supply voltages, through which stable control was ob- 
tained. 

With careful adjustments of the condensers C, within the 
control range, stable operation has been attained for the following 
ranges of supply voltages, the frequency ratio being 50 for the 
entire assembly: 


е. from 1.8 to 2.8 volts, at 50 ke 
Е, from 3.5 to 6.0 volts 
E, from 90 to 135 volts (or more) 


While ranges of supply voltages such as given above have been 
attained many times, the ranges shown on the diagram are more 
indicative of nominal conditions, in which no excessive care has 
been used in making the adjustments. Under these conditions 
no difficulties are encountered in operation while “trickle 
charging” the filament and plate batteries from the commercial 
60-cycle power line. 

The foregoing observations indicate that by injecting a 
50-ke voltage into the circuits of the compound multivibrator 
it is possible to establish a highly stable condition in which 
the fundamental and all the harmonics of both multivibrator 
elements are constant in frequency to the same degree that the 
injected voltage is constant. Moreover, the fundamental output 
at 1 ke bears every indication of being precisely controlled by 
the injected voltage. However, the exact mechanism of this 
control effect has not been analyzed, and we still have no direct 
experimental evidence that, when the multivibrator operates in 
a condition which has the physical characteristics of being 
“controlled,” its fiftieth harmonic actually bears a constant 
phase relation to the control oscillation. 

As a final critical test of this point, simultaneous observations 
of the control oscillation and the fundamental constituent of the 
multivibrator were made by means of a Braun tube. The cireuit 
arrangement is indicated in Fig. 3A. Two tetrode amplifiers 
were used, one coupled loosely to the quartz oscillator furnishing 
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the control voltage, and the other to the ouptut of multivibrator 
A or multivibrator B. The output circuits of the amplifiers were 
carefully tuned so as to emphasize the fundamental frequencies 
of the standard oscillator and the multivibrator. When the cir- 
cuits were not accurately resonant, the patterns indicated by 
the Braun tube were highly distorted. For the operation of the 
compound multivibrator, with a frequency ratio of 5 in the first 
and of 8 in the second, the pattern given by the Braun tube ap- 
peared as sketched in Fig. 3B. 

The form of the pattern clearly indicated the frequency ratio 
of 40, remaining entirely stationary. As the tuned circuits 
were changed, the phase of one frequency component could be 
shifted with respect to the other, of course, but with the circuits 


ЙО 


F 


рь е 
Fig. З 


fixed no visible fluctuations in frequency, phase, ог amplitude 
took place. Upon changing either the resistances or the capacities 
of the multivibrator circuits, keeping within the control range, a 
change of phase was indicated by the pattern. This change of 
phase was “permanent,”—that is, varying the multivibrator 
constants displaced the phase and produced a new form of pat- 
tern, which form persisted until some further change was made. 

A similar test, made between the frequency of the quartz os- 
cillator and the output of the first multivibrator, gave a pat- 
tern which indicated the frequency ratio of 5, with no visible 
changes in phase or amplitude, indieated by Fig. 3C. As before, 
changing the multivibrator constants within the control range had 
the effect of changing the phase between the two voltages acting 
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on the Braun tube, but for fixed values of the constants the phase 
remained fixed over indefinite periods. In both of these cases, 
variation of the circuit constants to a point where the control 
order changed indicated that a maximum phase variation of 
not more than 30 deg. (between the control wave and the syn- 
chronized harmonic of the multivibrator) could take place be- 
fore the multivibrator jumped out of control at the desired 
order. In this test the multivibrator was brought to the edge of a 
transition range and the amplifiers were then adjusted to obtain 
the “in phase” pattern on the Braun tube screen. The multi- 
vibrator constants were then changed across the control range 
to the opposite transition point, the resulting change in phase 
being noted. 

When in control, the controlling frequency may be varied 
by slight amounts, the multivibrator remaining in control. As 
the variation in frequency is made, the multivibrator suffers a 
slight phase displacement with respect to the standard frequency, 
but as long as the phase is not displaced beyond the limit of 30 
deg., approximately, the phase takes up the new value and re- 
mains constant. 

Continuous observations over periods of several hours have 
not indicated any perturbations of frequency, phase, or ampli- 
tude of sufficient duration to register on the Braun tube. Айег 
making the amplifier circuit adjustments necessary to obtain 
a distinctive pattern, on which any slight drift in phase would be 
readily observable, intermittent observations over periods of 
days have failed to show any change whatever in the phase of 
the synchronized multivibrator harmonie with respect to the 
control voltage. 

We conclude from these observations that this state of oscil- 
lation of the multivibrator in the presence of a high-frequency 
injected oscillation which we have called the “controlled” 
oscillation throughout the discussion, is in fact an oscillatory 
state wherein the appropriate multivibrator harmonic bears a 
constant and permanent phase relation to the injected oscillation. 
Moreover, the frequency of this harmonie and hence of the 
fundamental follows any drift or perturbation in the frequency of 
the control oscillation without appreciably altering the phase 
relation or dropping out of synchronism even for a single cyele. 
The unsymmetrical multivibrator therefore constitutes a stable 
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submultiple generator suitable for converting the vibrations of 
the piezo oscillator into the rotation of a clock train. 


4. THE Piezo OscILLATOR 


The circuit of the 50-kc piezo oscillator is shown in Fig. 4. 
The piezo element P is a normal-cut quartz bar, vibrating in 
the direction of its length; its approximate dimensions are 
5.6 x 2.2x 1.4 ст. Fig. 5 shows the complete assembly of the 
measuring equipment. On the lower shelf are the batteries and 
chargers. On the upper, left to right, are the 50-kc temperature- 
controlled crystal, crystal oscillator, first isolating amplifier, 10-ke 
multivibrator with coupling coil, second isolating amplifier, 
1-ke multivibrator, 1-kc amplifier, and synchronous motor with 
clock train. The mounting is shown in Fig. 6. The bar is balanced 
on a metal support C having a felt wedge on its upper surface 
and confined between heavy metal condenser plates B by the 
screw Е, carrying a felt pad, the whole assembly being mounted 
on a base of insulating material D. The holder and quartz bar 
are mounted in a constant-temperature chamber Q, Fig. 4. This 
constant-temperature unit consists of an aluminum casting 
of high heat capacity containing a cavity for the quartz con- 
denser; the casting is surrounded by an insulating layer, which is 
in turn enclosed in a closed metal box №. Heat is supplied from 
coils distributed around this second metal box, the heating 
circuit being closed through a bimetallic thermostat positioned, 
with the heating coils, outside the second container. The whole 
is enclosed in a heavily insulated outer box of wood, W. 

The quartz bar is maintained in oscillation by the triode T, 
operated from plate circuit batteries which are independent of 
the multivibrator batteries. 

The quartz oscillator circuit is one of the general class in 
which sustained oscillations are impossible without the quartz 
bar. This type of circuit was chosen because experience with 
numbers of piezo oscillators used as secondary standards has indi- 
cated that the frequency of the oscillator is in general more 
precisely determined by the mechanical vibration of the quartz if 
no other periodic element is present which can support sustained 
oscillations independent of the mechanical vibrator. For this 
reason the regenerative element G, which is added to augment 
the regeneration through the grid-plate capacity of the triode, is 
a pure resistance. The load in the plate circuit, consisting of 
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inductance L shunted by capacity C, is far removed from 
resonance at the frequency of the quartz bar. It merely repre- 
sents a convenient method of obtaining the high inductive re- 
actance required to sustain oscillations. The coil has an in- 
ductance of 20 mh and the capacity is normally set at about 
0.0003 yf, thus providing an inductive reactance of approxi- 
mately 15,000 ohms. "This reactance is still approximately pro- 
portional to the frequency in the operating region. The capacity 
C was added, not to augment the voltage available from the 
oscillator, since an excess of amplification is provided in order 
to avoid the necessity of large amplitudes in the oscillator cir- 
cuit, but merely to provide a means for making fine corrections 
on the oscillator frequency. 


COUPLING COIL TO AUDIO AM- 
Д FOR HARMONIC PLIFIER AND 
ALL UX-1IZA 10 KC. COMPARISONS. SYNCHRO CLOCK. 
TUBES. 


Bi- METALLIC 
THERMOSTAT. 


RANGE 140" 
bo. 4: J 1 4. vo (60 
T 6 leo" 


Fig. 4—Schematie Wiring Diagram of Controlled Compound Multivibrator. 


The damping coefficient of the quartz bar itself has not been 
determined, but the characteristics of the whole oscillator in 
the actual operating region are as given in the following table. 
The figures here are the fractional change in frequency, positive 
or negative, for an increase of two per cent in the specified voltage 
or circuit element. 


Two Per Cent FRACTIONAL CHANGE 
INCREASE IN: IN FREQUENCY 
Plate Voltage —0.02 X10-* 
Filament Voltage —0.04 X10 
Resistance Rp T0.8 X10-5 
Resistance Rg —0.1 х10- 
Capacity —3.0 X10-* 
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The temperature coefficient of the quartz bar and holder com- 
bined is —5.4X 10~ per deg. C. 


5. DETERMINATION OF AN UNKNOWN FREQUENCY 
BETWEEN 500 Амр 1500 ke 


The specific purpose of this development was to provide 
means for accurately adjusting a secondary standard oscillator 
to one of the even decimal frequencies between 500 and 1500 ke. 
These secondary standards are piezo oscillators including quartz 
plates mounted in holders with adjustable air gaps. The plates 
are adjusted to within one-tenth of one per cent by grinding, 
and the final setting is made by adjusting the air gap with a screw 


Fig. 5 


provided for this purpose which is then locked. The process of 
referring the adjusted frequency to a standard time interval is 
carried out by coupling the oscillator under test loosely to the 
calibration coil of multivibrator A (see Fig. 4) which has a funda- 
mental of 10 ke, then coupling a third oscillator and detector 
loosely to the combination, and listening with telephone re- 
ceivers to the output of this detector as the oscillator under test 
is adjusted to beat zero with the appropriate harmonic of the 
multivibrator. This harmonic can be identified without difficulty 
with a subsidiary wavemeter, although there is usually not the 
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slightest ambiguity as to the order of the harmonie, since the 
preliminary adjustment of the test oscillator by grinding the 
quartz is carried out with the aid of a heterodyne wavemeter 
calibrated to an accuracy of 0.1 per cent and the beat note be- 
tween the oscillator under test and the multivibrator harmonic 
is normally well within the audible range before final process is 
begun. Since a third frequency is superposed on the output of 
the multivibrator and the test oscillator, the frequency of the 
test oscillator can be adjusted aurally with a precision defined 
by about one beat in five seconds between it and the multi- 
vibrator. 

When this adjustment has been made, the frequency of the 
oscillator under test is known directly in terms of the frequency 
of the quartz bar at the time of the measurement, and thus in 
terms of the standard time interval, to a precision which depends 
upon how closely the frequency of the quartz is maintained at its 
average value. 
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Fig. 6—Quartz Bar Mounting. 


The standard time interval now employed in this work is 
one mean solar day, as indicated by radio time signals from the 
U. S. Naval Observatory. The oscillation counter consists of a 
small synchronous motor geared down through a clock train to a 
large second hand making one rotation per minute. The syn- 
chronous impulse motor has a toothed rotor of 120 teeth, and is 
driven by two U-shaped magnets around which the drive coils are 
wound. The gearing is such that the second hand indicates true 
solar time when the driving current has a fundamental frequency 
of 1 ke per second. The dial reading is compared visually 
with the standard time signals with a probable error of not over 
0.05 second, the mean being derived from ten conseeutive ob- 
servations. Thus the mean frequency over each 24-hour interval 
is observed with a probable error slightly over one-half part in 
a million. The use of a longer standard time interval to reduce 


270 Hull and Clapp: Secondary Frequency Standards 


the error in observing the mean frequency will not be justified 
until substantial reductions are made in the probable short- 
period perturbations from the mean frequency. 

The fluctuation of the frequency during the first ten days in 
August, 1928, is shown graphically in Fig. 7. Each point in this 
curve indicates the average frequeney during the preceding 24- 
hour interval except in two cases, where the interval was 48 
hours. The horizontal line marked *Mean Frequency 50,007.6 
cycles, per second" is the average for ten days. The maximum 
deviation from the 10-day mean is 0.36 cycle during the fourth 
and fifth days. 

The limitations at present imposed upon the commercial 
standards to be calibrated require that they be adjusted to an 
accuracy of ten parts in one hundred thousand or better. The 
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Fig. 7 


24-hour mean frequency of the calibration oscillator is known to 
well within one part in one million. The battery voltages are held 
within such limits that the short-period fluctuations attributable 
to them are probably negligible com pared with the fluctuations 
due to temperature. A definite correlation was observed between 
the temperature and the long-period fluctuations of Fig. 7. It 
is reasonable to assume that the momentary perturbations from 
the 24-hour mean are not greater than the maximum fluctuation 
from the mean observed in a long interval, which is of the order 
of eight parts in one million. Thus if the calibration is performed 
with a precision defined by 0.2 cycle in 500,000 or more, the 
normal accuracy at present attainable in adjusting the oscillator 
under test is about eight parts in one million which is safely 
within the current requirements. The piezo oscillator has re- 
cently been adjusted to a mean frequency of 50000.15 cycles per 
second, and in most oscillator calibrations the correction to 50 
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ke is neglected, allowing the adjustment to zero beat of the 
oscillator under test. 

The variations in mean frequency of the piezo oscillator as 
indicated in Fig. 7, while insignificant as regards present re- 
quirements, are of course much too large for a precision standard, 
and are not representative of the possible performance of the 
system under the most favorable conditions which modern 
technique of temperature and circuit control may afford. 

In an effort to improve the performance of the standard, a 
new temperature control box was built, though use was still 
made of the bimetallic thermo-regulator. The fluctuation of the 
frequency during the ten-day interval from November 4, 1928, 
is shown graphically in Fig. 8. The improvement over the per- 
formance shown by Fig. 6 is apparent, but the results still leave 
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room for considerable effort. Outstanding lines of development 
to be pursued are (1) provision of temperature control within 
one or two hundredths of a degree; (2) replacement of present 
insulation in the quartz-bar holder by a vitreous material 
showing negligible distortion with age at constant temperature; 
(3) improvements in the clock mechanism and in methods of 
checking against the time signals to provide a higher degree of 
accuracy in measuring the time interval. 
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A SYSTEM FOR FREQUENCY MEASUREMENTS 
BASED ON A SINGLE FREQUENCY* 


By 
E. L. HALL 


(Radio Section, Bureau of Standards, Washington, D. C.) 


Summary—The method here described is suitable Jor calibration of 
either piezo oscillators or frequency meters in terms of an accurately stand- 
ardized temperature controlled piezo oscillator. A radio-frequency generator 
is adjusted and maintained at 10 ke in terms of the standard piezo oscillator. 
The correct adjustment of this generator is shown by a special form of beat 
indicator which gives both visible and audible indication of the frequency 
difference between the piezo oscillator and a harmonic of the 10-kc generating 
sel. A ‘second auxiliary generator may then be set to a harmonic of the 10-kc 
generating sel, such as some frequency assignment in the broadcasting band. 
The correct setting of the auxiliary generator is also determined by means of the 
special beat indicator. The piezo oscillator to be tested will usually be found 
to give an audible note in the telephone receivers connected to it. The audi- 
ble note represents the difference in frequency between the piezo oscillator 
and the auxiliary generating set. The frequency difference is determined by 
comparison with a calibrated audio-frequency generator. 


SIMPLE method of measuring the frequency of a piezo 
A oscillator is to adjust a radio-frequency generator so 

that it has the same frequency as the piezo oscillator to 
be tested, and then measure the frequency of the generator in 
terms of a calibrated frequency meter. This measurement can 
be repeated at several harmonies if desired, and the fundamental 
frequency of the piezo oscillator determined in terms of several 
coils of the frequency meter. In the method here described, the 
frequency of the piezo oscillator is determined in terms of an 
accurately known frequency standard, and the result is not de- 
pendent upon the calibration of a frequency meter as an inter- 
mediate step in the measurement. 

At the time work was begun on the development of this 
system, in March, 1928, the procedure followed: in testing a 
piezo oscillator for a broadcasting station consisted in deter- 
mining when the quartz plate was adjusted to the frequency 
assigned to the station. As the frequency assignments end in 

* Dewey decimal classification: R210. Original manuscript re- 
ceived by the Institute, November 19, 1928. Publication approved by 
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tens between 550 and 1500 ke, it is apparent that an electrical 
system giving harmonics spaced 10 ke apart could be used to 
give the desired frequencies without final measurement upon a 
frequency meter of extreme precision and accuracy. 

A radio-frequency generator for 10 ke can readily be con- 
structed using a vacuum tube. The output of such a generator 
has a large number of harmonics which may be used in measure- 
ments at frequencies many times the fundamental. A generator 
of this type, however, cannot be relied upon to maintain its 
frequency adjustment accurately enough for use as a standard, 
in terms of which standards for broadcasting stations are to be 
adjusted. A piezo oscillator, however, will maintain its fre- 
quency with a high degree of precision if it is maintained at a 
constant temperature. A temperature-controlled piezo oscillator 
is therefore a desirable standard to use in maintaining a 10-ke 
generator accurately upon its frequency. 

The system herein described is best explained by reference 
to Fig. 1 which shows schematically the apparatus as used. 


Fig. 1—Schematic Diagram of Apparatus Used in Frequency Measure- 
ments. S—temperature-controlled piezo oscillator, G—10-ke genera- 
tor; P—adjustable frequency power generator; PO—piezo oscillator 
to be tested; TF—electrically driven tuning fork; Е M—frequeney 
meter; AF—audio-frequency generator; BI—aural and visual beat 
indicator; B—beat indicator. 

The system includes: a temperature-controlled piezo oscillator 

S, the frequency of which is accurately known, in terms of which 

the measurements are made; a 10-ke vacuum-tube generating set 

G, capable of very precise frequency control and giving a very 

constant frequency; a radio-frequency vacuum-tube generating 

set P, covering the range of frequencies desired; the piezo 
oscillator to be calibrated, PO; an electrically-driven tuning 
fork of known frequency, TF; a calibrated frequency meter, 

FM, for determination of the order of the harmonic of generator 

P in terms of generator G; a calibrated audio-frequency genera- 

tor AF, capable of precise adjustment; a special form of com- 
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bined beat indicator and generating detector BI , by means of 
which the operator maintains the various elements of the 
system in the frequency relationship desired; a beat indicator, 
B, which can be used for adjusting the piezo oscillator PO pre- 
cisely to the frequency or harmonic of generator P. 

In brief, the general method of operating the apparatus 
is as follows. The frequency of the 10-kc generator G is con- 
trolled manually by changing the setting of a very small variable 
condenser and is held at a frequency a harmonic of which 
produces “zero beat” with the fundamental or a harmonic of the 
standard piezo oscillator S. This condition is determined by 
means of a beat indicator BJ. The power generator P is then 
set so that it is at zero beat with a suitable harmonic of the 
generator G, as indicated by beat indicator BI. After this ad- 
justment generator P is operating at the required frequency. 
The piezo oscillator to be tested is then adjusted to give zero 
beat with generator P as indicated by beat indicator B. The 
frequency meter FM is used only to determine the order of the 
harmonics or to measure frequency differences. The adjustment 
of the piezo oscillator is based directly on a standard piezo os- 
cillator. 

The low-frequency generator G is a Bureau of Standards 
Type O auxiliary generator described in Letter Circular 187,! 
with the addition of a number of fixed condensers and a small 
two-plate variable air condenser. This generator employs a 
type 201-A tube. It was found that by using one of the largest 
coils and an additional capacity of about 0.012 uf, a frequency of 
10 ke could be obtained. After enclosing the generator in a 
box to eliminate sudden temperature changes due to air currents, 
it was found to hold its frequency adjustment very satisfactorily. 
The beat indicator circuits give audible indication of the slightest 
frequency shift. Three different piezo oscillators with frequencies 
of 25, 100, and 200 ke have been used at different times as the 
standard in terms of which the 10-ке generator was adjusted. 

In order to emphasize some of the merits of the method, 
reference is made to Fig. 2, which gives a diagram of the connec- 
tions for a simple beat indicator where the outputs of the two 
generators G and H are led into the indicator circuits having 


! Specifications for portable auxiliary generator, Bureau of Standards 
Type O, Bureau of Standards Letter Circular 187. 
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coupling coils С and Ё, crystal detector D, and milliammeter 
A. Whenever generators С and H have nearly the same frequency 
or a simple harmonic relation exists between their frequencies, 
the pointer of the milliammeter A will vibrate, indicating the 
frequency difference or error in the harmonic relationship. Fre- 


GENERATOR 


GENERATOR 
G 


Fig. 2—Circuit for Simple Beat Indicator which Operates When 
Generator G Is Nearly Adjusted to Frequency or A Harmonic of 
Generator H. 


quency differences up to a few cycles per second can be observed 
with the milliammeter of the beat indicator, Fig. 2. A careful 
adjustment of the frequency of one of the generators will then 
cause the pointer to vibrate more and more slowly until its 
deflection does not change. While very precise frequency ad- 
justments can be made in this manner, there may be some 
tendency for the frequency of the standard to be changed 
slightly, because of the presence of the coupled indicating cir- 
cuit. Efforts were made to eliminate the possibility of errors of 
this type, which lead to the beat indicator shown in Fig. 3. 


Fig: 3—Diagram of Special Aural and Visual Beat Indicator with 
Associated Apparatus Used in Frequency Measurements. 


This indicator gives visible indications on the milliammeter A 
with very loose coupling between the standard frequency 
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generator S and the low-frequency generator G. When a shielded 
piezo oscillator is employed at S, Fig. 3, a one-stage radio-fre- 
quency amplifier and the link circuit L are required. The use of 
this form of coupling does not affect the frequency of the piezo 
oscillator S. 

Essentially the beat indicator cireuit shown in Fig. 3 is a 
generating detector circuit. A 1000-turn honeycomb coil in the 
grid circuit couples to the generator G and tothe output of the piezo 
oscillator S. A 600-turn coil in the plate circuit couples to a coil 
of 8 or 10 turns in series with a crystal detector and d.c. micro- 
ammeter A, which gives the visible indication. An audio-fre- 
quency transformer is connected in the plate circuit as shown. 
Telephone receivers or a two-stage amplifier are connected to 
the secondary winding of the transformer. 

To operate the beat indicator the approximate setting of the 
10-ke generator is first found by listening in the telephones con- 
nected in the plate circuit of the 10-ke generator or as shown by 
the dotted lines, in which case the two-stage amplifier would be 
disconnected, or by listening in telephones in the output of the 
amplifier. After adjusting the 10-ke generator to zero beat, 
with the telephones connected to the output of the amplifier, 
a rather faint high note may be heard, or, if the power generator, 
P, Fig. 3, is operating near some harmonic of the 10-ke generator 
rapid pulsations in the beat note between the two generators are 
heard. This renders it much easier to adjust the 10-ke generator 
correctly. By careful adjustment of the tuning control of the 
10-ke generator this high note will fluctuate in intensity, and 
when the fluctuation becomes slow enough the pointer of the 
milliammeter A will be found to vibrate in step with the fluctua- 
tion. By further adjustment of the tuning control the pointer 
can be kept from moving. At this point the 10-ke generator G 
can be shifted by further slight adjustment so that there is either 
a high-pitched faint note or absolute quiet. The latter condition 
occurs when the generator is correctly adjusted with respect to 
the frequency standard used. If the generator gets out of ad- 
justment by as much as one cycle in a minute, the operator 
will detect it by hearing the high-pitched note appear in the 
telephones. Slight errors in this setting may not be important 
unless a high order harmonic is to be used. Errors in adjust- 
ment of the order of a few hundredths of a cycle are immediately 
apparent and the generator сап be readjusted. 
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The sensitiveness of the visible beat indicator is shown by 
the fact that when the coils of an unshielded piezo oscillator 
and 10-ke generator were coaxial and from two to three feet 
apart, visible beats of the beat indicator milliammeter A (Fig. 
3) were readily obtained. Type 201-A tubes were used in both 
the piezo oscillator and the 10-ke generator. The link circuit L 
was not used in this case. In other words, the coupling to the 
piezo oscillator S was extremely loose, which meant that there 
was no danger of the frequency of the piezo oscillator (which was 
used as the standard) being changed by the other circuits. Thus 
the beat indicator system could not affect the frequency of the 
standard. 

Having adjusted the 10-ke generator accurately, the next 
step is to adjust the third generator, P, in Fig. 3,called the power 
generator, to the desired harmonic of the 10-ke generator. A 
vacuum-tube detector and amplifier and coil system coupling 
the two generators would give beat notes in telephones connected 
in the output circuit of the amplifier, but it has been found 
unnecessary to add this extra circuit when working up to 1500 
ke using a 10-kc fundamental. The telephones in the two-stage 
amplifier Q in Fig. 3 will also serve to indicate the correct ad- 
justment of the power generator. When working at the higher 
frequencies in the broadcast band, beats which otherwise would 
not be heard are made audible by placing a pick-up coil and the 
phone leads in the vicinity of the power generator. 

The frequencies of the power generator ending in tens of 
kilocycles give a zero beat which cannot be set accurately by 
aural methods because of the uncertainty of the setting for 
true zero beat. The frequencies ending in 2 1/2, 5, and 7 1/2 
can be set accurately by matching beat notes in the telephone 
receivers, which are beats of beats. 

Although the 10-ke points cannot be set precisely, they can be 
accurately determined by matching a beat note in the phanes 
with a corresponding note from a tuning fork. If the frequency 
of the fork is known, it is only necessary to make the measure- 
ment on one side of zero beat. If this method is adopted, great 
care is necessary to insure that the desired fork frequency is 
used, as the measurement may be made by matching the genera- 
tor beat note with a submultiple or harmonic of the tuning 
fork. In order to guard against this error it has been found con- 
venient to make an approximate zero beat measurement first. 
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Then a measurement is made with the tuning fork by detuning 
the generator so that the frequency heard in the telephones due 
to the beat note between the 10-kc generator and the generator 
is the same as that of the tuning fork. It is necessary that the 
frequency meter used have sufficient resolving power to show an 
easily read difference in the condenser settings for these two 
frequencies, and the curves should be large enough to allow a 
correct determination of what harmonic of the fork is used. 

If it is desired to prepare an enlarged frequency meter curve, 
it is evident from the above paragraph that a large number of 
points can be obtained for the calibration over as small a fre- 
quency range as 10 ke. Assuming that a 400-cycle electrically- 
driven tuning fork is available, in the range from 200 to 210 ke, 
for example, the following points could be very accurately deter- 
mined using the beat notes 199.200, 199.600, 200.400, 200.800, 
202.500, 204.600, 205.000, 205.400, 207.500, 209.200, 209.600, 
210.400, and 210.800. These thirteen points permit the drawing 
of a large accurate curve. 

The circuits described above have been used for calibration 
purposes between 40 ke and 1500 ke, and beat notes have been 
obtained up to 2500 ke, spaced 10 ke apart. In the lower part of 
the frequency range beat notes were obtained 2500 cycles apart 
when using a 25-ke piezo oscillator and a 10-ke fundamental 
from generator G. 

The measurement of the frequency of a piezo oscillator can 
be made by the method described with the addition of an accurate 
audio-frequency generator. For example, suppose the frequency 
of a piezo oscillator is to be accurately measured, and it is known 
that its frequency is approximately 600 ke. The power generator 
P of Fig. 3 is set to the sixtieth harmonic of the 10-ke generator 
as determined by a common type of frequency meter. Then 
when listening in the phones of the piezo oscillator a beat note 
will, in general, be heard, which is the difference between the fre- 
quency of the piezo oscillator and the generator. This beat note 
is matched by a similar note from the audio-frequency genera- 
tor, from the calibration of which the audio frequency is deter- 
mined. Whether this audio-frequency is to be added to or 
subtracted from 600 ke is determined by listening in the piezo 
oscillator telephones and noting whether the frequency of 
the power generator must be increased or decreased to pro- 
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duce zero beat. Check measurements can be made at other 
harmonies ог subharmonies of the piezo-oscillator frequency. 

It has been found desirable for checking purposes to take a 
reading on a frequency meter of high resolving power at the 
time that the audio-frequency beat note measurement is made. 
A certain frequency value is obtained from the calibration of the 
frequency meter. Generator P is then adjusted to zero heat 
with the piezo oscillator under test, and another reading taken 
on the frequency meter. These two frequency meter readings 
give a frequency difference which serves as a check on the 
frequency measured with the audio-frequency generator, and 
also indicates whether the frequency as determined by the latter 
generator is to be added to or subtracted from the frequency as 
given by generator P, which, as previously stated, is based on 
the standard piezo oscillator. 
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Fig. 4—Chart Showing Example of Relations between Beat Notes 


Heard in the Special Beat Indicator Telephones, with the Har- 
monics of Generators G and P Indicated. 


The frequency of a quartz plate mounted in an adjustable 
mounting can readily be altered to the desired value by setting 
the power generator to the correct harmonic and then adjusting 
the quartz plate mounting to give zero beat. A beat indicator 
can be brought into use for a more accurate adjustment than is 
possible by use of the telephones alone. 

Fig. 4 illustrates how the various beat notes heard in the 
telephones can be interpreted, i.e., whether the frequency to 
which the power generator is set ends in 10 or in some other 
number. The diagonal lines represent the beat notes heard in 
the phones, and the breadth of the line its relative strength. 
Thus it is seen that the beat notes occurring near the frequencies 
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ending in 10 are very loud or strong. Zero beat being indefi- 
nite, a setting is taken by matching with the note from an 
electrically-driven tuning fork as described above. Increasing the 
frequency of the power generator from 200 ke, for example, as 
indicated in Fig. 4, the beat note gradually gets higher and fainter, 
line ab, until at a frequency of the order of 204.5 ke the beat note 
is quite high, but a lower note, line cd, will also be heard which 
becomes lower as the other becomes higher. Soon after the low 
note has become silent the high note will be heard to pulsate, 
and, with critical adjustment of the generator, beats with 
another beat note will be heard which permit a very accurate 
setting of the generator. This setting gives one of the 5-ke 
points and is readily distinguished over a range of several 
hundred kilocycles by the aural method described. If the fre- 
quency of the power generator is increased further the other 
high-frequency beat note, line ef, becomes lower and stronger, 
and a weaker beat note, line gh, becomes higher and fainter. 
Further change in the power generator brings in a loud beat 
note and finally silence or zero beat in the telephones. This 
is another 10-ke point. The beat note represented at b is 5000 
cycles when a 10-ke fundamental is used. When changing 
the frequency of the power generator from a to b, if conditions 
are right, another beat note may be heard at c and a precise 
setting made at this point which will be midway between the 
10-ke point and the 5-ke point. This setting is more difficult 
to obtain than the 5-kc point because it is indicated by the beats 
between two 2500-cycle notes of much different intensities. 
When using a piezo oscillator having a fundamental frequency 
of 25 ke, the 2500-cycle notes are readily distinguishable. Other 
beat notes may be heard and can be set accurately but may not 
be readily usable. Points 5 ke apart are much closer than are 
usually required. 

An explanation of the various beat notes heard in the phones 
ean be given by further reference to Fig. 4 where harmonie 
numbers are indicated for the three zero-beat frequencies given. 
The 200-ke frequency or fundamental of the power generator 
beats with the twentieth harmonie of the 10-ке generator, and 
the 210-ke fundamental of the power generator beats with the 
21st harmonic of the 10-ке generator. When the frequency 
used is 205 ke, the second harmonie of the power generator, or 
410 ke, beats with the 41st harmonie of the 10-kc generator. 
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As previously explained, the 202.5-ke and 207.5-ke points are 
obtained by listening to the beats between the beat notes neard 
in the phones. Beat notes other than those indicated in Fig. 4 
may be heard in the phones, but those described are usually 
more than are required for calibration purposes. 

While this system or method was intended chiefly for cali- 
bration of piezo oscillators, it has been found to be ideal for 
frequency meter calibration work. The system has the following 
advantages: 


(1) Extreme accuracy and precision obtainable. 

(2) Large number of calibration points possible. 

(3) Flexibility and ease of operation. 

(4) Ease of working up final results from experimental data. 


With reference to (1), the accuracy with which the frequency 
of the standard is known and maintained will determine the 
accuracy with which the measured frequencies can be determined, 
because of the extreme precision possible in working with beat 
notes. This precision is far in excess of even specially built 
frequency meters. While the 10-ke generator is not held auto- 
matically to its frequency, yet the characteristics of the circuit 
are such that the operator is immediately aware of any change 
in its frequency and can readjust it. 

Item (2) above is important because the system permits 
calibration of piezo oscillators for broadcasting stations for 
any frequency in the broadcasting band. It extends the usefulness 
of a standard piezo oscillator since it allows the exact setting of 
many harmonies which could not be obtained from the piezo 
oscillator alone. This fact is of great importance in the cali- 
bration of special frequency meters capable of extreme precision 
and having high resolving power such as one used in the radio 
laboratory of the Bureau of Standards. The large number of 
calibration points possible can be seen from the example cited 
above. This fact also adapts the circuits to the measurement of 
the frequency of any piezo oscillator by, final measurement of 
an audio frequency by means of an audio-frequency generator. 

With reference to (3), after the apparatus is correctly ad- 
justed it is very easy to operate and adapts itself to any frequency 
calibration. The frequencies to be adjusted can be spaced 
uniformly as desired by setting what has been called the 10-kc 
generator to frequencies other than 10 ke, such as 5 ke, 15 ke, 
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20 ke, 25 ke, ete. For example, it may be that points spaced 100 
ke apart are desired. The 10-ke generator in that case would be 
set to 100 kc. 

With reference to (4), data on frequency meter calibration 
ean be worked up and results obtained almost by inspection if 
the frequency of the piezo oscillator used as a standard is such 
as to permit the setting of the 10-ke generator accurately on 
10 ke, and provided the experimental data is carefully taken 
and the same procedure is used in matching the fork frequency. 
Ten-ke and 5-kc points are readily distinguished experimentally, 
and existing curves can be checked rapidly or corrected by 
adding 10 ke to successive 10-ke points starting from a known 
point. By adding 10 ke to successive 5-ke points starting at a 
known 5-ke point these frequencies are rapidly determined. 
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RECEIVING SETS FOR AIRCRAFT BEACON 
AND TELEPHONY* 


By 


HarapEN Pratt} anp Harry DIAMOND? 
(Formerly Radio Engineer, Bureau of Standards, Washington D. C.; *Associate Radio 
Engineer, Bureau of Standards, Washington, D. C.) 

Summary—Special light-weight radio receiving sets of high sensitivity 
have been designed adapted for the reception on aircraft of signals from radio 
beacons and ground radio telephone stations. A statement of the important 
considerations involved in the aircraft reception of signals from Government- 
operated beacons and telephone stations along the civil airways in this 
country, such as frequency range, tuning means, volume control, vacuum tubes, 
amplifier characteristics, size, weight, and performance specifications, is 
given. 

Design details for three receiving sets of slightly different types, with 
numerous characteristic and performance curves, are discussed, with a brief 
discussion of the results of practical flight tests. 


INTRODUCTION 


HE conditions surrounding the use of radio receiving equip- 

ment installed on aircraft impose many special considera- 

tions of both design and performance. The specifications 
for aircraft sets, therefore, differ materially from those employed 
for other purposes. 

Such sets at this time are of three types. One type fulfills 
military requirements where a rather broad band of frequencies 
must be covered while in flight. Another type is required to 
receive the signals from beacons and ground radiotelephone 
stations which the United States Government will supply along 
the civil airways under the air commerce act. The third type is 
adapted to the high-frequency (above 1,500 ke) field. Most of 
the activities of the past have, in this country, been confined to 
sets of the first type mentioned. The other two fields are new. 

European radio developments applied to commercial aviation 
have been under way for several years. Resulting practice has 
centered around a narrow band of frequencies between 315 and 
350 ke for aircraft services. Radio beacons, particularly those 

* Dewey decimal classification: R521. Reprinted from Bureau of Stand- 
ards Journal of Research, October, 1928. Publication approved by the 
Director of the Bureau of Standards of the U. S. Dept. a Commerce. 


+ Chief Engineer, Mackay Radio and Telegraph Company, New 
York City. 
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erected in the United States for aiding marine navigation, have 
adopted adjacent frequencies near 300 ke. The 1927 International 
Radio Conference recognized these established practices and the 
International Convention allocated the bands 285 to 315 ke for 
all radio beacon services and 315 to 350 ke for aircraft com- 
munication services, 333 ke being adopted as an international 
calling and distress frequency for aircraft. The directive radio 
beacons and weather broadcasting services planned for our civil 
airways will, therefore, be confined to these two bands. 

These bands being adjacent and covering a total range of 
only 65 ke permit of simplifications in receiving set specifications 
for this type of service. As part of its research and development 
work! on directive radio beacons and radiotelephony for aircraft 
under the air commerce act, the Bureau of Standards has 
developed such receiving sets, the design elements of which are 
treated in this paper. 


REQUIREMENTS FOR BEACON AND TELEPHONE RECEIVING SET 


The dominating requirement in design is that of small weight 
and physical dimensions. This refers not only to the set, but also 
to the batteries requisite for its operation. Every design element 
must be considered in the light of this requirement. 

The set must be capable of installation anywhere on the air- 
craft with simple remote controls when placed at an inaccessible 
point. The tuning system should, therefore, be of a uni-control 
type over the entire 285 to 350 ke band for the sake of con- 
venience. 

As an aircraft is in very rapid motion, the distance over which 
signals are traveling is constantly changing. A simple and rugged 
volume control having a uniform action from zero to maximum 
signal strength and capable of remote installation from the re- 
ceiving set is consequently necessary. 

Sufficient shielding of the set must be provided to limit 
interference from the engine ignition system to that induced in 
the antenna structure. 

Rugged construction to withstand the continuous mechanical 
vibration on aircraft must be provided. Vacuum tubes must be 
used that do not introduce microphonic noises, which, if present, 
effectively inerease the already prevailing noise level. 


! J. Н. Dellinger and H. Pratt, “Development of Radio Aids to Air 
Navigation", Proc. І. К. E., 16, 890-920; July, 1928. 
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The set must be capable of operating a beacon course in- 
dicating instrument. Its output must efficiently supply a maxi- 
mum of 10 volts of audio-frequency power into a load impedance 
of from 4,000 to 7,000 ohms, to provide an ample margin of signal 
strength. The direct-current plate supply must be isolated from 
the output circuit to prevent the observer from receiving shocks 
when wearing headphones, and to prevent the setting up of a 
polarization in the course indieator's magnetic system. 

The audio amplifiers and output circuit must provide a nearly 
uniform amplification over a frequency range of 40 to 3,000 
cycles. The beacon signals are modulated in the range 40 to 120 
cycles, and a voice frequency range from 200 to 3,000 is needed 
for good intelligibility. 


Fig. 4—Interior of Completely Shielded Receiving Set. 


Both the sensitivity and selectivity must be high. High 
sensitivity is desirable to permit short vertical pole antennas to 
be employed because they eliminate direction errors and remove 
the danger of weighted trailing wires. Good selectivityis necessary 
to enable close spacing of frequency channels. 

The choice of vacuum tubes has an important bearing on the 
total weight and bulk of the equipment. Three types of receiving 
sets will be described; two of which employ 1-volt and 3-volt 
tubes, respectively, where the total A battery current is of the 
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order of 0.5 ampere; the third using 5-volt tubes where the A 
battery must supply 1.5 amperes. By employing the lower 
voltage types both the A storage battery can be reduced in 
size and the advantages of vacuum tubes having small physical 
dimensions secured. The standard low-voltage tubes offered on 
the market, however, are not sufficiently sturdy for aircraft use, 
being often mechanically weak and usually causing microphonic 
noises. Special tubes having these disadvantages to a less degree 
were employed, but owing to their special nature the third set 


Fig. 5—Interior of Partially Shielded Receiving Set Using 3-volt Tubes. 


equipped with the standard 5-volt tubes was also designed. There 
is much need for better tubes for aircraft sets, and it is hoped that 
commercial designs will be improved. 


RECEIVING SET DESIGN 


Figs. 1, 2, and 3 show the circuit diagrams of the three re- 
ceiving sets designed to meet the above requirements, and Figs. 
4, 5, and 6 are corresponding photographs. Their physical 
characteristics are tabulated below. 
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TABLE I 
WEIGHTS AND DIMENSIONS or RECEIVING SETS WITA {AssocraTep BATTERIES 

жын Weight Weight of 
Receiving Set Мо.) оѓ Set | Dimensions (inches) batteries 
(pounds) | (pounds) 

1 18 | 914 by 74 by 1614 19 

2 16 816 by 9 by i4. 19 

3.. 17 614 by 8 by 13 25 


Sensitivity, selectivity, and unicontrol features are met by em- 
ploying three or four tuned radio-f requency amplifier circuits with 
gang variable air condensers. Some regeneration in the detector 
circuit is provided. After many trials superheterodyne sets were 
eliminated from consideration owing to the presence of two tuning 


Fig. 6—Interior of Partially Shielded Receiving Set Using 5-volt Tubes. 


positions for each frequency. A few hours of flight would usually 
bring the aircraft within close range of stations having frequencies 
such as to create interference by beating with the intermediate 
frequency or its harmonics. A pilot operating a radio-equipped 
airplane in bad weather, when the radio services are needed, 
must devote all his attention to piloting, and the radio set must 
convey the information it receives without attention and with- 
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out interference from other signals or it will lose usefulness and 
possibly become a hazard. 

1. Design of Radio-Frequency Transformer (Interstage). 
Radio-frequency transformer theory has for some time been 
reduced to mathematical treatment.’ A brief consideration of the 
analysis involved is necessary to a clear understanding of the 
actual design procedure employed. Fig. 7 shows the commonly 
accepted equivalent circuit corresponding to a stage of radio- 
frequency amplification employing tuned transformer coupling 
between stages; RA; represents the tube plate resistance plus 
the radio-frequency resistance of the transformer primary, 
Lı the primary inductance, M the mutual inductance between 
windings, and Rz, L2,and Cs the constants of the secondary circuit. 


Fig. 7—Accepted Approximate Equivalent Diagram of a Stage of 
Radio-Frequency Amplification. 


In transformer design those values of the three-circuit para- 
meters Xi, Xs, and M which will make the voltage gain per stage 
a maximum at the desired frequency are of interest. If X; alone 
is varied (by means of the tuning condenser С) the voltage gain 
is а maximum when 

х, wM? 
— (1) 
Ху 2 
If, now, either X, or M is varied, X; being simultaneously varied 
in order to satisfy the condition expressed by (1) for each value 
of X, (or M), the voltage gain will reach an optimum value when 


Rs «o? M? (2) 
Ri 22 


Equations (1) and (2) may be combined into the simpler relation- 
ship 

oM? - 7.71 (3) 

2 Victor С. Smith, “А Mathematical Study of Radio-Frequency 


Amplification,” Proc. I. R. E., 15, 525-536; June, 1927. G. W. Pierce, 
“Electric Waves and Oscillations’, MeGraw Hill Book Co. (Inc.). 
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When this relationship is fulfilled the voltage gain K is given by 
(4) 
и «1 


VR, УЕ 


and is the maximum amplification that can be obtained with a 
given tube and coil. 

The actual transformer design closely followed the above 
theoretical considerations. 

Two secondary coils (single-layer solenoids) were chosen, 


1 
Ko imum = — 4 
pt 2 ( ) 


w 
having suitable values for - — . The first coil consisted of 135 
2 


turns of No. 28 single silk enameled wire wound on a 234-in. di- 
ameter coil (winding length 234 in.) and having aself-inductance of 
1 millihenry, a radio-frequency resistance of 18 ohms at 290ke,and 


© 
a value for - at the same frequency equal to 430. The second 
2 


coil was of 250 turns of No. 34 enameled wire wound on a 134-in. 
diameter coil (winding length 134 in.) and having a self-induc- 
tance of 2 millihenries, a radio-frequency resistance of 70 ohms at 


wL 
290 kc, and a value for VE equal to 435 at this frequency. It 
2 


should be noted that to cover the necessary frequency range of 
285 to 350 ke with a comfortable margin on each side a tuning 
condenser of 0.00035 uf maximum capacity is required with the 
first coil, and a condenser of 0.00015 uf maximum capacity with 
the second coil. 

: wl, А : 

Since VR. 1s very nearly the same for each coil, the same opti- 

2 
mum voltage amplification should be obtained using either coil 
in conjunction with a given tube. The second coil, however, has 
the considerable advantage of compactness. Furthermore, since 
its selectivity is less than that of the first coil (due to its greater 
resistance), it becomes somewhat more adaptable for use in a 
unicontrolled multistaged amplifier. 

To determine the optimum value of mutual inductance be- 
tween windings for each transformer suitable primary forms were 
chosen and test amplifiers constructed comprising the particular 
transformer under test together with a given tube. A known volt- 
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age of the desired frequency was applied to the input terminals 
of the test amplifier and the transformer secondary circuit tuned 
by condenser С» for maximum output voltage (as indicated by a 
tube voltmeter); these measurements being taken for a series of 
values of mutual inductance. For each measurement, therefore, 
(1) above is satisfied; while at the particular value of M which 
yields the optimum output voltage, (2) is, in addition, fulfilled. 
This is the point of optimum mutual inductance. 


AMPLIF P v3 MUTUAL INOUCTANCE | 
CURVE. A - L4 DIA. PRIMARY- SINGLE LAYER SOLENOID. 
В - SINGLE SLOT DISC PRIMARY. 
” С - DOUBLE SLOT DISC PRIMARY. 


SECONDARY - LYF DIA. SINGLE LAYER SOLENOID 
TUBE - 231-0. (3-VOLT FILAMENT) 
Es. -6v 


o гоо 400 600 ёоо 1000 1200 моо 


Fig. 8—Amplifieation vs. Mutual Inductance, 114-in. Diameter Primary 
Single-Layer Solenoid. 


Curves A of Figs. 8 and 9 show the variation of voltage ampli- 
fication with mutual inductance for the 134 and 234 in. diameter 


AMPLIFICATION vs MUTUAL INDUCTANCE . / 
CURVE А, 2401А. PRIMARY- SINGLE LAYER. SOLENOID 
В. SINGLE. SLOT DISC PRIMARY 


8 * С. DOUBLE SLOT DISC PRIMARY 
SECONDARY - 2% DIA. SINGLE LAYER SOLENOID. 
7 TUBE - 23i-D (3-VOLT FILAMENT) 


Ев = 90V Есе -6Уу 


| 
> MUTUAL, INDUCTANCE IN MICROHENRIES | _ 
© 100 200 30 хо 30 m0 
Fig. 9— Amplification vs. Mutual Inductance, 2!4-in. Diameter Primary 


Single-Layer Solenoid. 
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transformers, respectively. The amplification obtained with the 
two transformers is seen to be decidedly different despite the 


nearly equal values of oe in each сазе, and the exactly similar 
ve 
conditions of test; the superiority of the smaller transformer 
residing in the relatively lower capacitive coupling existing be- 
tween its windings by virtue of their smaller physical dimensions. 
That this is true may be seen from a consideration of curves B 
and C of Figs. 8 and 9. Curves B were obtained with the primaries 
wound in single slotted disks inserted at the low potential ends of 
the secondaries, thereby reducing the effective capacitive 
couplings. The resultant increase in amplification is greater for 
the 234-in. diameter transformer because of the greater reduction 
in its capacitive coupling. Distributing the primary windings 


se SOLEN: 
4 BLE SLOT DISC. M- 1020uh. 
* VOLT FILAMENT ) 
3 + 4 uf 4 
"€ вд 
г BATTERY VOLTAGE} - 
о -190 -20 -30 -40 -50 -60 -10 


Fig. 1C—Amplification vs. C Voltage. 


in two slots in the disk form causes a still further improvement in 
amplification, the percentage increase being again in proportion 
to the decrease in capacitive coupling between windings. 

The curves of Figs. 8 and 9 were taken for 90 volts on the plate 
with a grid bias of —6 volts. It was decided to reduce the plate 
voltage sufficiently to preclude the use of a C battery and 
thereby to remove the need of filtering in the grid return leads. 
Fig. 10 shows that the same amplifieation as in Figs. 8 and 9 
сап be obtained using 45 volts on the plate and — 116 volts on the 
grid. A further reduction of the C voltage to zero results in 
but a small loss in amplification. 

Fig. 11 gives the amplification-frequency characteristics for 
the test transformers; the optimum mutual inductance as found 
from the curves of Figs. 8 and 9 being provided in each case. 
Curve A is for the 234-in. diameter transformer with double- 
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slotted disk primary ; curve B for the 134-in. diameter transformer 
with single layer primary; and curve C for the 134-in. diameter 
transformer with double-slotted disk primary. All the important 


2% DIA, TRANS. DOUBLE SLOTTED DISC PRIMARY 
1 Л DIA. » 14 DIA. SINGLE. LAYER. SOLENOID PRIMARY. 
1 DIA. é DOUBLE. SLOTTED DISC PRIMARY 


F 
{ 
ў 
g 
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TUDE- 2%-О (5-VOLT FILAMENT) 
Ee: 45V Ес. О 


FREQUENCY IN Ke 
150 co eso 30 250 400 450 


Fig. 11—Amplification vs. Frequency. 


constants of these transformers are collected in Table II. A 
study of the amplification-frequency characteristics shows that 
they are highly satisfactory over the desired frequency range 


(285 to 350 ke). 
TABLE II 


TRANSFORMER CONSTANTS 


Trans- Outside | Primary Out- | Sec- 
former| Primary Winding |Diameter| Turns Size of Wire Secondary side | ond- 
No. Winding Dia- ary 
meter | Turns 


Inches Inches 
1 Double-slotdisk..| 2% 135 | No. 38 S. C. C. Single Laser 2X | 135 
solenoi 
2 Single-Layer sole- 1% 250 | No. 34 enamel.|.....”... 1% | 250 
noi 
3 | Double-slot disk..| 1% 250 | №. 38 S. С.С. |..... ер ЭЗ 7260 


TABLE II (cont'd.) 
TRANSFORMER CONSTANTS 


Capaci- 
tive 
Trans- А Lr Riat | M |Coupling, «М? 2.7. 
former Size of Wire (uh) (uh) |290 ke) (uh) | between, at 290 kc | at 290 kc, 
о. Wind- approxi- 
ing mstely 
uut 
H No. 28 3 C. C. | 2,930 950 18 450 18 0.67 X10* | 0.31 X10* 
ename! 
2 No. 34 enamel..| 1,100 | 1,990 70 1,065 18 3.77 X10*| 1.27 X10* 
3 x4 8: Оке caos .| 4,290 | 1,990 70 1,020 6 3.44 X10*| 1.37 X10* 
= HE —— Á— 


In Fig. 12 are shown the resonance curves of the above three 
transformers, used in conjunetion with a 3-volt tube. Curves A, 
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B, and C correspond to the transformers of curves A, B, and C, 
respectively, of Fig. 11. It is interesting to note the mutual 
inductance effect upon the selectivity. Fig. 13 indicates how the 
selectivity varies for four values of М, using the 134-in. diameter 
transformer with double-slotted disk primary. 

2. Effect of Capacitive Coupling. It was shown above that 
the presence of capacitive coupling between windings adversely 
affects the efficient operation of a transformer. When capacitive 
coupling exists, the approximate equivalent circuit diagram be- 
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Fig. 12—Amplification vs. Frequency. 


comes as shown in Fig. 14 rather than that of Fig. 7. The 
conditions for optimum voltage gain and the actual magnitude 
of this optimum gain as found from a solution of this circuit are 
also different. 

A close agreement between experimental results and the 
theoretical equations based on the circuit of Fig. 7 cannot, there- 
fore, be expected unless the effect of capacitive coupling is mini- 
mized. As computed from (3) the optimum mutual inductance 
for transformer Nos. 1, 2, and 3 of Table II should be 315, 615, 
апа 615 uh, respectively. Actually the values obtained in the 
laboratory are 450, 1,065, and 1,020 uh, respectively. 

The effect of capacitive coupling between transformer 
windings is thus not only to reduce the magnitude of the optimum 
voltage gain but also to require considerably more mutual in- 
ductive coupling in order to obtain the best operating condition. 
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3. Method of Neutralizing. The system of tube grid-plate 
capacity neutralization adopted depends considerably upon the 
type of transformer employed. The neutralizing schemes in 
common use are essentially bridge circuits in which two coils, 
the grid-plate tube capacity, and a neutralizing condenser con- 
stitute the four bridge arms. The bridge maintains a balanced 
adjustment for all operating frequencies, provided the two coil 
arms are tightly coupled. When the coupling between the two 
coils is small a leakage inductance is introduced into one of the 
bridge arms, thus making the balance dependent upon the fre- 
quency. 


AT RESONANCE 


| sELEETvTY уз MUTUAL INDUCTANCE 
TRANSF. NO 3. TABLE II | 


TBL- 231-D (5-vOLT FILAMENT. 
Eg. 45V Ес- О | 
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7% о 290 200 yo 
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Fig. 13—Selectivity vs. Mutual Inductance. 


А OA, 


Fig. 14—Closer Approximate Equivalent Diagram of a Stage of Radio- 
Frequency Amplification. 


With several neutralizing systems the primary and secondary 
windings of the transformer may be used as the two coil arms, 
provided there is sufficient coupling between them. In the case 
of the 134-in. diameter transformer with single-layer primary, 
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a coupling coefficient of the order of 70 per cent obtains. The 
system employed can, therefore, be that indicated in the circuit 
diagram of Fig. 1. 

In the case of the 134-in. diameter transformer with disk pri- 
mary (used in the receiving set of Fig. 2), however, the coupling 
coefficient between windings was about 35 per cent. The use of 
an auxiliary coil coupled either to the primary or secondary 
winding is therefore necessary. A simple solution consisted in 
placing the auxiliary coil ina third slot in the primary disk form 
thus obtaining nearly unity coupling to the primary. An alterna- 
tive method, due to Miller, is also applicable in this case. In 
this method the four bridge arms are made up of the tube grid- 
plate capacity, a neutralizing condenser, and two auxiliary con- 
densers, one of which may be the tube grid-filament capacity. 
The closeness of coupling between primary and secondary wind- 
ings is here obviously immaterial. 

4. Design of Antenna Transformer. No mention has as yet 
been made concerning the design of the antenna coupling trans- 
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Fig. 15—Approximate Equivalent Diagram of Antenna Tuning System. 
former. The theory and procedure of design is essentially the 
same as for interstage transformers. The equivalent circuit is 
that of Fig. 15, where Са is the antenna capacity and Ra the 
equivalent antenna resistance. Receiving set sensitivity of such 
order was desired as to make possible the use of a rigid antenna 
of about 10 feet in length, with the airplane itself as a counter- 
poise. The capacity of such a system is of the order of 25 to 50 
ищ. Using these values, the same transformer as used for inter- 
stage coupling was found highly satisfactory. 

5. Design of Regenerative Coil. To obtain the order of ampli- 
fication desired, it was decided to use three stages of radio- 
frequency amplification with regeneration on the detector. The 
circuit arrangement of Fig. 16 was used in the design of the 
regenerative coil. A known modulated voltage E; (of the desired 
radio-frequency) was applied to the input circuit and the voltage 
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E, measured first without regeneration and then with regenera- 
tion. The ratio of the second to the first value of E; is the ampli- 
fication due to regeneration. These measurements were taken 
for a series of values of regenerative coil turns, adjusting the 
shunting resistance R to just below oscillation at each point 
(where necessary). For the particular transformer considered, 
it was found that the best value of turns was approximately 40 
per cent of the number of turns in the secondary winding. 

6. Shielding and Arrangement of Parts. Both complete and 
partial shielding methods were employed in the tuned amplifier 
stages. Reference to Figs. 4, 5, and 6 will indicate the shielding 
arrangements. Completely shielding the stages as in Fig. 4 was 
found to be difficult owing to the involved mechanical assembly. 
Aluminum was selected to reduce weight, but resulted in ob- 
jectionable eddy-current losses. Partial shielding using copper 


proces [9 


ЧЇ 


Fig. 16— Test Circuit Arrangement for Measuring Amplification Due to 
Regeneration. 


containers housing the radio-frequency transformers, with proper 
care taken to make all high potential leads as short as possible, 
resulted satisfactorily. This latter method was applied as shown 
in Figs. 5 and 6. 

The copper containers maintain an effective clearance of 
7% in. around the coil windings, and are of square cross section. 
The coil inductances are decreased by about 20 per cent without 
any material increase in resistance. 

To confine the radio-frequency currents as far as possible 
to the shielded portions of the set, battery leads were filtered 
where necessary. The selection of a low-plate voltage served 
not only to reduce the demand on the B battery, but to permit 
the radio-frequency stage grid returns to be connected directly to 
the negative filament terminals, eliminating a common C bat- 
tery impedance. Allother precautions in arrangements and wiring 
used in good design practice were observed. A multiple conductor 
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battery cable, equipped with a detachable plug connector, was 
provided to allow a rapid change of sets to be made when in 
practical operation. 

A small separate panel containing a combination A and 
B battery voltmeter, filament switch, head telephone jack, 
and volume control was provided for mounting near the pilot, 
preferably on the instrument board. The volume control consists 
of a rheostat connected in the radio-frequency amplifier tube 
filament supply circuit. 

The unicontrol tuning feature makes it possible for the opera- 
tor to tune to any station frequency within the two bands. In 
this case an antenna coupling arrangement is needed which makes 
the setting of the antenna tuning condenser at a given frequency 
independent of the antenna length. This is taken care of by an 
antenna trimming condenser. 

Adjustable stops to allow the unicontrol handle to be rapidly 
turned from one predetermined frequency in the 285 to 315 ke 
band to one in the 315 to 350 kc band were provided. 

An alternative tuning arrangement was incorporated in one 
of the receiving sets built, applicable for the case where only one 
beacon and one telephone frequency would be encountered on 
any one airplane run. Two sets of condensers connected in parallel 
were used in each tuned amplifier stage. Normally with both 
condensers in circuit the tuning adjustment is made for the 
beacon station frequency. When a switch is closed by the operator 
four small automatic relays respond, removing one condenser 
from each circuit, leaving the set tuned to the telephone station 
frequency which is in the higher band. 

7. Detector. In general, grid rectification has been found 
considerably more sensitive than plate deteetion, and was, 
therefore, used. Laboratory measurements gave 3 megohms as 
the optimum value for the grid leak and 0.00035 uf as the best 
value of blocking condenser at the frequencies used. These 
values are not at all critical. 

Sensitivity, however, is not always the deciding factor in 
the choice of the type of detection to be employed. When used 
in an airplane not excellently shielded, the ignition interference 
picked up by the antenna structure may be sufficient to block 
the detector, even though the incoming signal is small. By 
using plate detection a considerably greater interference would 
be necessary for blocking the detector. Since the present form 
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of course indicator suggested for the beacon signals is practically 
immune to interference, it will operate satisfactorily so long as 
the tubes employed are not blocked. It should be noted, how- 
ever, that plate detection precludes the use of a transformer in 
the detector output due to the large tube plate resistance with 
this form of detection. 

8. Audio Amplifier. The low amplification factor of the 3-volt 
tubes used in the first two models (Figs. 1 and 2) necessitated the 
use of transformer coupling to provide a degree of audio ampli- 
fication sufticient to supply the desired voltage to the power tube 
without overloading the detector. Due to the relatively high 
plate resistance of these tubes, however, the low-frequency 
pitches are not amplified in the same magnitude as those of 
higher frequencies. This is indicated in Curve A of Fig. 17 
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Fig. 17—Amplification-Frequency Characteristic for Single Audio Stage. 


which represents the amplification-frequency characteristics for 
a 3-volt tube used together with a commercial transformer. A 
large number of commercial transformers were tested, the one 
finally adopted being chosen for its lightness as well as its 
electrical characteristics. A much more uniform gain over the 
desired frequency range is obtained by using two tubes in parallel 
in the first audio stage in order to reduce the net plate resistance. 
The amplification-frequency characteristic for this eondition is 
given by curve B of Fig. 14. This arrangement was, therefore, 
used in both the 3-volt receiving sets. Curve C shows that when 
5-volt tubes are used a satisfactory characteristic is obtained 
with one tube in the first audio stage. 

Using 5-volt tubes a resistance- coupled audio amplifier 
immediately suggests itself. The third model (Fig. 3) employing 
5-volt tubes uses transformer coupling, however, chiefly for the 
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sake of flexibility. In this set it is feasible to use either 3 or 5 
volt tubes throughout, requiring only a change in the size of 
the filament control rheostats. The operator can, therefore, 
decide as to whether the cost of tubes or weight of battery is the 
chief consideration. 

Quite fortunately, the impedance of the visual course indicator 
is suitable for use with any of the power tubes available. The 
choice of the power tubes is therefore controlled by the filament 
voltage and plate battery consumption. A filter arrangement 
consisting of a choke and condenser is used in the output circuit 
for reasons previously mentioned. In the case of a resistance- 
coupled amplifier this filter cireuit would also tend to prevent 
low-frequency oscillation. 

9. Over-All Performance. The performance of a receiving 
set may be indicated by means of three graphs; the first showing 
the variation of sensitivity with carrier frequency; the second 
showing the degree of its selectivity at several carrier frequencies; 
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Fig. 18—Test Circuit Arrangement for Measuring 
Receiving Set Performance. 


and the third giving a picture of its fidelity or response to audio 
frequencies which modulate the carrier to which it is tuned. 
The conditions under which these tests should be taken have been 
worked out by the Standardization Committee of the Institute 
of Radio Engineers for broadcast sets. Those conditions apply 
here also in large measure, but some departures were found de- 
sirable in order to approximate actual use more closely. 

The sensitivity curve (Fig. 19) was obtained with the circuit 
arrangement of Fig. 18. For convenience, 100 per cent modulation 
at an audio-frequency of 60 cycles was employed. This more 
nearly approximates actual conditions as low modulating fre- 
quencies of the order of 60 cycles are used in the beacon, and the 
modulation is constant and as near 100 per cent as can be ob- 
tained. The curve shows the relationship between the radio 
field intensity in microvolts per meter necessary to obtain 6 volts 
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across the 6,500-ohm load and the carrier frequency to which 
the receiving set is tuned. 

The value of 6 volts was chosen, since this is the maximum 
voltage needed across the present type of course indicator. 


FIELD INTENSITY NECESSARY TO OBTAIN 6 voUr5 
16 ACROSS SIMULATING OUTPUT IMPEDANCE 


FREQUENCY IN Ke PER SECOND 
260 zp 20 гю xo 50 30 


зю E » 


Fig. 19— Sensitivity Characteristic. 


Fig. 20 shows the selectivity curves for the set when tuned to 
290 and 330 kc. These are, respectively, the approximate beacon 
and phone frequencies. These curves represent the field intensity 
in microvolts per meter to give 6 volts across the simulating 
impedance referred to the carrier frequency. 
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Fig. 20—Selectivity Curves. 
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Fig. 21 shows the fidelity curve. This was obtained using the 
audio portion of the receiving set only, and is plotted as the ratio 
of voltage across the simulating output impedance to that be- 
tween the grid and filament of the detector tube against audio- 
frequency. 

Twenty volts across the simulating output impedance was 
obtained before tube overloading occurred. 

It should be noted that the curves of Figs. 19, 20, and 21 
were obtained with one of the 3-volt sets. When 5-volt tubes are 
used, measurements indicate that the performance of the radio- 
frequency amplifier is but slightly altered. The voltage gain in 
the audio amplifier will, however, be considerably increased 
due to the greater tube amplification factors. 
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Fig. 21—Audio System Amplifieation-Frequeney Characteristic. 


CONCLUSION 


These sets were developed concurrently with the double 
modulation type of directive radio beacon, the reed type of visual 
indicator for aircraft, and the airplane vertical pole antenna, all of 
which are parts of the bureau’s research program on aids to air 
navigation. The development of these receiving sets was found es- 
sential because of the special receiving requirements on airplanes 
peculiar to these air navigation aids. Without receiving sets of 
high sensitivity, the elimination of the dangerous trailing wire 
antenna, and the reduction of night beacon course shift errors 
obtained with the short vertical antenna, would not be possible. 

The second set described was extensively used in flight tests 
for a period of six months. Satisfactory daytime beacon signals 
were received on an airplane at a distance of 100 miles with an 
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antenna 10 feet high, the engine ignition system being adequately 
shielded. 

The writers wish to acknowledge the assistance of L. L. 
Hughes and D. O. Lybrand in constructing these sets, including 
several preliminary models. 
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AN AIRCRAFT RADIO RECEIVER FOR USE 
WITH RIGID ANTENNA* 


By 
F. H. DRAKE 


(Aireraft Division, Radio Frequency Laboratories, Inc., Boonton, N. J.) 


Summary— An outline is given of the physical and electrical require- 
ments of an aircraft radio receiver suitable for the reception on a rigid antenna 
of radio beacons and weather service. The design of a special unicontrol re- 
ceiver calculated to fulfill these requirements is described. Quantitative per- 
formance data are presented, with particular attention to the problem of 
detector overloading when operating a visual indicator from a beacon of the 
Bureau of Standards type. The corroboration of these data by practical tests 
їз briefly discussed. The paper is concluded with quantitative discussion of the 
problem of ignition shielding on a particular type of airplane motor. 


HE rapid growth in air transportation of freight, mail, and 

passengers, together with the development of radio aids to 

air navigation in the forms of beacon and weather service, 
has created an urgent need for suitable aircraft radio receiving 
equipment to operate over a limited band of frequencies. In the 
1927 International Convention the 285~315-ke band was allo- 
cated for radio beacon services, and the 315-350-ke band for air- 
craft communication. It is the purpose of this article to describe 
the physical and electrical characteristics of an aircraft radio re- 
ceiver designed for the above frequency ranges. This receiver is 
of practical commercial design, and has successfully withstood 
the severe conditions of regular operation on mail planes. 

The design of the receiver was undertaken over a year ago at 
the request of the Bureau of Standards. The primary require- 
ment of such a receiver was that it should be suitable for the 
reception of both visual and aural beacons with a consistent 
range of 150 miles on signals from a 2-kw ground transmitter, 
using a rigid pole as antenna not more than two meters in height 
and the bonded metal members of the airplane structure as a 
counterpoise. The design of a receiver to meet this unusual sen- 
sitivity requirement was undertaken as a progressive step in that 
program of aircraft receiver development so ably initiated in the 
work described elsewhere by Messrs. Pratt and Diamond.! 

* Dewey decimal classification: R521. Original manuscript received 


by the Institute, January 2, 1929. 
1 This issue of the PRecEEDINGS, page 283. 
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The severe conditions of vibration and shock, and the great 
diversity of climatie conditions under which an airplane receiver 
is used, present certain novel problems of design. Above all else, 
an airplane receiver must be rugged, light, and compact. The re- 
ceiver as a whole must be adequately shock-proofed from its 
mounting to prevent destruction of tubes and wiring by vibration; 
supplemental shock-proofing of the vacuum tubes within the 
receiver is also advantageous since the tube elements have natural 
frequencies of mechanical vibration which may be excited at 
certain engine speeds. Lightness and compactness in the power 
supply are highly desirable. A further important requirement of 
present airplane receivers is that they be capable of installation 
wherever a vacant spot may be discovered in the plane. For 
simplicity of tuning and remote-controlling the receiver should 
have few controls and these should be of ample dimensions and 
shaped so that a pilot may easily operate them even though 
wearing heavy gloves. Further, it is highly important that all 
controls be equipped with some form of locking device to prevent 
creeping caused by vibration. The problem of rendering radio 
receiver performance sensibly independent of moisture is acute in 
designing a receiver for airplane use. A plane flying through fog 
encounters extremes of humidity seldom met indoorson the ground. 
The combination of receiver and associated antenna should have 
sufficient sensitivity to reach the average atmospheric noise level, 
assuming, of course, that ignition interference from the motor has 
been reduced to insignificance by shielding. A brief discussion of 
ignition shielding will be given later in this paper. 

It was formerly considered necessary to employ a trailing wire 
as а receiving antenna. Mechanical objections to this arrange- 
ment are obvious, particularly in the case of mail or freight air- 
planes where the pilot must handle the antenna. Experience with 
reception of beacon signals has disclosed the further disadvantage 
of a trailing wire receiving antenna which results from the inter- 
ception by the antenna of any horizontal components of electric 
force in the incoming wave. Two types of error are associated 
with these horizontal components, the “airplane effect” and the 
“night effect.” “Airplane effect”? is produced by the inclination of 


з By the Sommerfeld reciprocity theorem this situation is equivalent 
to a direction-finding loop on the ground and transmission from a partly 
horizontal antenna. The error so produced has been recognized for 
many years. See Ballantine: “Yearbook of Wireless Telegraphy,” (Lon- 
don, 1921). 
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the antenna when the airplane flies at any angle greater than zero 
with respect to the beacon course. It can occur irrespective of the 
presence of a downeoming or reflected wave, and thus may be 
troublesome in the daytime. It would be entirely eliminated by a 
wholly vertical antenna system. “Night effect” is produced by 
the downward wave reflected from the Heaviside-Kennelly layer 
and may be modified by the ground wave. In general it is in- 
creased by increasing length of the transmission path. It mani- 
fests itself, in the case of directional transmission to a non- 
directional receiver, as an apparent wandering of the transmitted 
beam. When the directional transmitter is a loop system, “night 
effect” cannot be eliminated by the use of a vertical antenna, 
although it may be somewhat reduced thereby. 

To summarize, the use of a rigid vertical antenna is justified 
by the elimination of physical hazards and burdens of mainte- 
nance on the pilot, as well as by a substantial reduction in the 
normal beacon errors. Accordingly, such an antenna was recom- 
mended by Radio Frequency Laboratories at the outset and the 
receiving equipment was designed with this in view. Subsequent 
experience has tended to justify this line of approach. 

Owing to constantly changing conditions in the allocated fre- 
quency band it is difficult to specify just what minimum degree 
of selectivity the aircraft receiver should possess. At the present 
time, the problem of congestion in the 285~350-ke band is not 
acute, and for satisfactory discrimination the aircraft recelver 
requires somewhat less selectivity than is required in a modern 
broadcast receiver. Experience indicates that the order of selec- 
tivity corresponding roughly to three tuned circuits in cascade, 
none of which has a power factor greater than one per cent, is 
sufficient for present requirements. 

A severe demand on fidelity of the aircraft receiver is imposed 
by the visual type of beacon. In the visual beacon the radio- 
frequency excitations of the two crossed coils are modulated 
respectively with two different audio frequencies instead of with 
dots and dashes as in the aural type beacon. These two audio 
frequencies differ by about 20 cycles and are usually both between 
50 and 120 cycles per second. The aircraft receiver should there- 
fore respond uniformly to modulation frequencies down to 50 
cycles per second. For radio-telephonic reception of weather re- 
ports the aircraft receiver should maintain substantial fidelity up 
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to frequencies of 3000 cycles per second and cut off rather sharply 
above this frequency in order to reduce noise. 

Fig. 1 is from a photograph of a mail plane equipped with the 
ВЕТ, receiver and vertical pole antenna. In this installation the re- 
ceiver was mounted in the front of the pilot’s cockpit so that a 
remote tuning control was not required. The dash control panel 
(which will be described later) contains the volume control and is 
mounted on the instrument board. The front face of the receiver, 
dash control panel, and reed indicator are visible in Fig. 2, which 
is from a photograph taken looking forward into the pilot’s cockpit. 
The antenna is a 7/8-in. diameter duralumin tube triangularly 
guyed to the upper wing and fuselage. In later installations the 


Fig. 1—Installation on Piteairn PA-5 Mail Plane Showing Short Rigid 
Vertical Antenna. 


tube has been stream-lined to reduce wind resistance. The 
height of the tube above the fuselage is about two meters. With 
most planes, this will permit entrance to hangars having a clear- 
ance of 14 feet, so that the antenna need never be taken down. 
Fig. 3 shows the receiver in its shock-proof mounting, the 
dash control panel, and a set of reeds for use on the visual indi- 
eating type of beacon. These reeds are held in à shock-proof 
mounting and are accurately tuned with temperature compensa- 
tion to the two modulation frequencies of the beacon transmitter. 
They vibrate with equal amplitudes when the airplane is on its 
course. If the plane strays to the left of its course, the left reed 
develops a greater amplitude of vibration than the right, and 
vice versa. The dash control panel includes a volume control, 
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which varies the filament eurrent of the radio-frequency amplifier 
tubes, a double-range voltmeter for indicating the condition of 
plate and filament batteries, a switch for turning the receiver 
filaments “on” and “off,” two cables, one making connection with 
the receiver and the other with the power supply, and a jack for 


Fig. 2—View of Control Cockpit in Pitcairn Plane and Receiver Installa- 
tion; Reed Indicators on Instrument. Panel, upper center; Receiver 
Control Panel at right; Receiver Below. 


Fig. 3—Model B Unicontral Aircraft. Receiver, Dash Control Panel and 
Reed Course-Indicator. 
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the connection of telephones or reeds. The cable from the control 
panel to the receiver makes connection with the receiver through 
a multiple point plug. The mounting frame which supports the 
receiver is constructed to slide and lock in a track which is per- 
manently fixed in the plane. These arrangements simplify the 
removal of the receiver from the plane. The front face of the 
receiver contains antenna and ground binding posts and the 
single tuning control, about which a direct calibration in kilo- 
cycles is engraved. The tuning control is the only control 
physically associated with the receiver itself, and is therefore the 
only control for which remote operation need ever be specially 
provided. 


Fig. 4—Special Light-Weight Combined B and C Dry-Cell Battery 
for Use with Aircraft Receiver. 


A special combined B and C battery has been developed for 
use with this receiver. One of these batteries is shown in Fig. 4. 
This battery is designed to give a life of 100 operating hours at a 
current drain of 10 milliamperes, which is the maximum drain of 
the receiver. Dimensions and weight of this battery, together 
with the dimensions and weights of the various units of the 
receiving equipment are as follows: 


DIMENSIONS 
Overall dimensions, receiver in mounting 15 in. X9 in. X6 in. 
Dash control panel À in. X4 in. X31 in. 
Reed box in holder 44 in. X4 in. X6 in. 
Combination B and C battery 10 in. X 7j in. ХЗ in. 
WEIGHTS 

Receiver with tubes and shock-proof frame 11 lbs. 002. 
Dash contol panel and cables oe) qu 
Reeds in shock-proof mounting 1032 9 “ 
Combination B and С battery 10:27 6 “ 
Antenna pole and fittings Бг 0“ 

Total 29 lbs. 13 oz. 
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In almost all instances the airplane carries a storage battery 
for navigating or landing lights. This battery may be used for 
the filament supply of the radio receiver. Otherwise, a small 
6-volt lead storage battery is provided. Such a battery, especially 
designed for airplane use, is now made by a number of manu- 
facturers and weighs about ten pounds. 


Fig. 5—Tube Compartment of Model B Receiver, Showing Shock 
Insulation of Tube Girder and Auxiliary Shock-Proof Support at 
Top of Tubes. 


The left side of the receiver is hinged to permit access to the 
tube compartment. In Fig. 5 this side has been opened to show 
the arrangement and method of shock-proofing the tubes. The 
tubes are all mounted on a rigid aluminum channel, which is 
insulated from the receiver chassis by sponge rubber washers. Two 
horizontal sponge rubber strips, one fitted to the hinged side and 
the other to the receiver chassis, bear lightly against the tops of 
the tubes above the points of maximum diameter of the bulbs, 
and prevent the tubes from creeping out of their sockets or 
moving laterally in case appreciable vibration reaches them. 
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Felt strips along the edges of the hinged side serve to protect the 
chassis from dust and moisture. 

Five tubes are employed as follows: two shielded tetrodes as 
radio-frequency amplifiers; two high-u triodes as detector and 
first audio amplifier; and a power triode as the second audio 
amplifier. 

There are three tuned circuits operated by a single control. 
In place of the conventional gang condenser a gang yariometer is 
used. This gang variometer is a rigid unitary assemblage of three 
approximately cubical cells, each of which houses a variometer. 
The design of the radio stage is simple and merely involves 
determining for a chosen size of shield the variometer of required 
inductance range which has the lowest power factor. Two general 
types of construction have been successfully employed for the 
variometer gang: first, a welded construction using pure alumi- 
num sheet; and second, a cast construction using an aluminum 
alloy coated with copper by the Schoop spray. Fixed condensers 
molded in bakelite are used in conjunction with the variometers 
in the tuned circuits. 

Tuning by variable inductance is not desirable where a wide 
frequency range must be covered, but it possesses marked ad- 
vantages when a frequency band defined by limits of two to one 
or less is required. It results in a very obvious saving of weight 
and space. Further, when used in conjuction with an antenna 
short in comparison with the wavelength, it permits exact single 
control with no trimming adjustments, when the antenna capa- 
city is made equal to the fixed capacities employed in the other 
tuned circuits. Identical variometers may then be employed in 
the radio stages and antenna input circuit. 

The use of tetrodes in the radio amplifier results in a radio 
gain of approximately 50 per stage instead of the gain of 10 or 
15 per stage ordinarily obtainable with triodes. A high radio- 
frequency gain per stage is a more important consideration in an 
aircraft receiver than in ground sets where lightness and com- 
pactness are not vital. For the first audio amplifier, or at least 
for the detector, the tetrode is not so acceptable because of 
microphonic noises inherent in the structure of tubes now com- 
mercially available. 

A detector capable of withstanding considerable overloading 
is provided in the receiver by the use of plate rectification with 
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automatic grid bias.’ This feature is particularly important when 
using the receiver in conjunction with the visual type of beacon 
indicator. When closely approaching the beacon a pilot may 
neglect to keep his reed amplitude down to the proper level by 
adjustment of the volume control; if this condition persists the 
detector may be so overloaded as to cause the reed amplitude to 
pass through a maximum and then fall to normal levels. Under 
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Fig. 6—Comparison of Ordinary Grid and Plate Rectifying Detectors 
and Special Detector with Automatic Grid Bias Used in Model B 
Receiver; Fundamental Component of Audio Output Voltage for 
Modulations of 20 and 100 per cent Against Carrier Voltage. 


such conditions the indicated course may be reversed, i.e., the 
reed of lesser amplitude will indicate the side to which the air- 
plane is off course. 

Fig. 6 depicts the overload characteristic of three detector 
arrangements for two degrees of modulation (m). The curves 
show audio output of fundamental modulation frequency produced 
by a wide range of radio inputs. Examination of the curves 


* This arrangement was devised by Stuart Ballantine. 
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shows that a somewhat higher output may be obtained with piate 
rectification than with grid rectification before overload. With 
either type, however, reversal or lack of course indications may 
result if the input voltage is increased through values correspond- 
ing to the maxima of the curves into the regions of negative slope. 
This matter is of considerable importance as in the practical 
operation of the receiver without automatic bias near a beacon, 
many instances of detector overloading have been observed. The 
method of preventing overloading employed in this receiver has 
been found quite satisfactory since it meets the essential require- 
ment for correct indication of course, that the output curve shall 
always have a positive slope. While the audio amplifier may 
“overload” before the detector (plate rectification), the necessity 
for avoiding a negative slope in the detector response is in no way 
affected thereby, since the amplifier “overloading” at these 
voltages merely involves a falling-off in response which does not 
attain a negative slope. 

Plate detection with automatic grid bias has other advantages. 
It is commonly supposed that grid rectification results in greater 
sensitivity than plate rectifieation. As a matter of experimental 
fact the microvolt sensitivity of this tetrode receiver is twice as 
great with plate detection as with grid detection, although the 
small-signal detection factor for the latter is about three times as 
great as for the former. Plate detection exceeds grid rectification 
in this case because it leaves unaffected the radio gain of the 
preceding stage, whereas due to electronice conductance grid 
detection reduces this gain by a factor greater than two to one. 
For the same reason the selectivity is considerably greater with 
plate rectification than with grid rectification. The higher output 
impedance resulting from plate detection does not impair the 
uniform transmission of low modulation frequencies essential for 
the visual beacon provided the coupling between detector and 
audio amplifier is properly designed. 

A resistance coupled audio ampl fier is employed in the re- 
ceiver. In addition to mechanical advantages of compactness and 
light weight, such an amplifier has electrical characteristics de- 
sirable in the airplane receiver. Among these are low B battery 
drain and uniform transmission of the required modulation 
frequencies. 

Fig. 7 gives the overall performance characteristics of the 
receiver. Sensitivity is expressed as the 400-cycle, 30 per cent 
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modulated microvolt input required in the standard antenna to 
produce 15 rms volts audio-frequency output across a 4000-ohm 
resistive load. The standard antenna here considered has 100 uuf 
capacity and negligible resistance. These constants are charac- 
teristic of the rigid antenna for which the receiver was designed. 
If the effective height of the rod antenna is one meter the receiver 
will yield an output of 15 volts for field intensities ranging from 
5 to 8 microvolts per meter. 
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Fig. 7—Performance of Model B Receiver as Shown by Standard Mea- 
surements of Sensitivity, Selectivity at 300 ke, and Fidelity (A, of 
entire receiver; B, with radio-frequency amplifier out). 

Selectivity is expressed as the ratio of the radio input voltage 
off resonance to the radio input voltage at resonance required for 
the normal audio output. It is important that this ratio be plotted 
over a range of several frequeney channels on either side of res- 
onance in order to present a sufficient basis for judging the dis- 
crimination of the receiver. The “skirts” of the selectivity curve 
are as important as the region immediately about resonance. 
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Fidelity is expressed as the percentage of the audio output at 
any modulation frequency to that at a reference frequency of 
400 cycles per second, and is obtained with fixed radio input by 
measuring the audio output at various modulation frequencies. 
The overall fidelity thus measured includes all frequency distor- 
tions produced in normal operation of the receiver. Curve B 
represents fidelity in the absence of sideband attenuation in the 
radio-frequency amplifier. It is obvious from a comparison of 
this curve with the actual fidelity curve (curve A) that a major 
reduction in high audio-frequency response occurs in the radio 
amplifier. Fidelity and selectivity were measured at a carrier 
frequency of 300 ke per second; the results are not substantially 
different at other carrier frequencies in the range. 

In addition to the standard laboratory measurements of per- 
formance represented by the sensitivity, selectivity, and fidelity 
curves, extensive tests of the receiver have been made under a 
wide variety of service conditions with the rigid antenna. 

Tests were made early in 1928 with the receiver installed in an 
airplane belonging to the Bureau of Standards. With the receiver 
operating at less than full sensitivity, aural beacon signals from 
Bellefonte, Penna., were received at College Park, Md., a dis- 
tance of about 140 miles. An installation on a Piteairn Mailwing 
affords a satisfactory indication of the range on visual beacon 
service by producing at Hadley Field, N. J., normal amplitudes 
of the reed indicators from signals transmitted from College 
Park, Md., when the College Park transmitter is supplying a 
current of only 5 amperes to each loop. The two loops are 
triangular in shape, 70 feet high and 300 feet along the base. 
Repeated tests on an airplane belonging to the Radio Frequency 
Laboratories have demonstrated a reliable reception range of at 
least 150 miles for telephone weather broadeasts from Hadley 
Field, N. J. In the course of a number of flights, the Hadley 
beacon and weather services have been heard from Boonton, 
N. J., to Washington, D. C. 

Similar ranges of reception of beacon and weather transmis- 
sions in different parts of the country have been observed in the 
course of a test flight from Boonton to Los Angeles and return. 

Perhaps the most severe tests of the receiver by operators 
relatively unskilled in radio have been made on airplanes of the 
National Air Transport, Ine., in flights over the New York- 
Chicago air mail route. In the course of tests under all sorts of 
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night and day flying conditions a reliable range of 150 miles on 
weather and beacon service has been reported. In a number of 
cases satisfactory beacon service has been obtained at a distance 
of 250 miles over mountainous territory. The airplanes used in 
this service are powered by Liberty motors with battery ignition. 
In such planes the level of ignition noise cannot readily be reduced 
to the negligible amount attainable in magneto ignited air-cooled 
motors. 

Obviously any highly sensitive radio receiver imposes severe 
demands on the degree of ignition shielding. On planes equipped 
with battery ignition systems it is possible by careful shielding to 
reduce the disturbance for the receiver sensitivity herein de- 
scribed to a satisfactory low level. On planes using air-cooled 
motors with magneto ignition we have found that ignition dis- 
turbances may be completely eliminated by suitable shielding. 
Such shielding includes complete covering of magneto terminal 
blocks and all low-tension and high-tension wiring. Shielded 
spark plugs or their equivalent must be used. 

In order to determine the relative contributions of the various 
parts of the ignition system to the general ignition disturbance a 
simple test has been devised. A receiver of the type described 
above is calibrated for sensitivity in microvolts against the posi- 
tion of the volume control rheostat. This receiver is then installed 
in a plane with a completely shielded ignition system. The test 
consists in removing various elements of the shielding and observ- 
ing the points to which the receiver sensitivity must be reduced 
in order to make the interference just audible. Results of this 
test for a particular installation in an airplane equipped 
with a single Wright Whirlwind motor (Type J-5) are exhibited in 
Fig. 8, which shows for various amounts of shielding the corre- 
sponding maximum receiver sensitivities permissible with negli- 
gible ignition interference. These data may be translated directly 
into attainable reception range if the law of attenuation is known 
for wave propagation between ground and plane. Of course, 
information of the sort given in Fig. 8 must be applied with 
caution to other installations, where the various elements of the 
ignition system may be differently disposed with respect to the 
antenna; the only points of general interest are the relative 
magnitudes of the various factors contributing to the total dis- 
turbance. Of particular interest in Fig. 8 is the effect of shielded 
spark plugs in reducing ignition disturbance; they permit the use 
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of a receiver forty times as sensitive as may be used with un- 
shielded plugs. 
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Fig. 8—Analysis of Ignition Disturbance from Wright Whirlwind Motor; 
Relation between Permissible Receiver Sensitivity and Degree of 
Shielding. 


In conclusion the author wishes to acknowledge his indebted- 
ness to Mr. W. D. Loughlin of the Engineering Division of Radio 
Frequency Laboratories for the structural design of the receiver. 
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CIRCUIT ANALYSIS APPLIED TO THE SCREEN- 
GRID TUBE* 


By 
J. R. NELSON 


(Engineering Dept., E. T. Cunningham, Inc., New York City.) 


Summary-—General radio-frequency circuit theory is discussed in this 
paper. The theoretical work and discussion is divided into two parts, ampli- 
fication and stability. 

General amplification equations for impedance and transformer coup- 
ling, using an untuned primary whose period is above the highest frequency 
considered, are derived and discussed for the case of a screen-grid tube such 
as Cunningham type CX-322. 

Feedback through the mutual capacity plate to grid capacily is also con- 
sidered. A general expression for the limit of stable amplification per stage 
is inferred for n stages from the expressions found for one and two stages. 
This general expression Av. < ут /nwes is in terms of the mutual conduc- 
tance, total grid to plate capacity, frequency and number of stages. 


IRCUIT analysis is very simple with the perfect screen- > 
D. grid tube. The mutual capacity between the input and 
= output circuits is eliminated by the screening action of 
the fourth element, the screen grid. All other tube capacities 
are.merely circuit constants. The plate impedance is infinite 
but the mutual conductance is finite. Under operating conditions 
the plate current is independent of plate voltage. The alternat- 
ing component of the plate current is a function of only one tube 
constant, the mutual conduetance. As the tube impedance is 
infinite the amplification is simply the product of the mutual 
conductance and external impedance.! 

The mutual capacity, the control grid to plate capacity, of 
commerical screen-grid tubes such as Cunningham type CX-322 
has been reduced to as small a value as is practical, less than 
0.025 uuf. Although this capacity is very small it is large enough 
to affect the stability of an efficient radio-frequency amplifier 
at the higher broadcast frequencies particularly if care is not 
taken in the shielding. Neutralization of the mutual capacity is 
not necessary as stable amplification, four or five times that given 

* Dewey decimal classification: R1320. Original manuscript received 
by the Institute, October 22, 1928. 


1 A. W. Hull and N. Н. Williams, Characteristies of Shielded-Grid 
Pliotrons, Phys. Rev., 27, 432-438; April, 1926. 
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by circuits using three-element tubes, is obtainable. The plate 
impedance is not infinite but has a value of about 800,000 ohms 
under operating conditions. The amplification, because of this 
finite plate impedance, is only approximately equal to the mutual 
conductance times the external impedance. 

Hull? has discussed the circuit theory of the perfect screen- 
grid tube using impedance coupling. He made the assumption 
that the amplification is equal to the product of the mutual con- 
ductance and external impedance. An external plate impedance 
of around 150,000 ohms may be obtained in the broadcast band. 
This is appreciable compared with about 800,000 ohms plate 
resistance and its effect is to reduce the mutual conductance of 
the tube and load to some value less than the mutual conductance 
of the tube alone. The grid resistor across the tuned impedance 
also reduces its value. This effect is usually small unless the 
grid resistor has some value less than one megohm. Hull? found 
no indication of regeneration in making his overall amplification 
measurements as his calculated and measured values of ampli- 
fication agreed. His measured amplification should have been 
about fifteen per cent lower than his calculated value as he 
assumed the amplification was equal to the product of the 
mutual conductance and external impedance. The regeneration 
factor for his circuit was also about fifteen per cent so that this 
would just about make up for the reduction of mutual conduct- 
ance. 

The purpose of this article is to consider the general theory 
of radio-frequency amplifiers and to apply this theory to the com- 
mercial screen-grid tubes. Feedback due to the mutual capacity, 
control grid to plate capacity, is considered in the general theory 
for n stages, and an expression for the limit of stable amplifi- 
cation isfound. This paper will only cover, for steady conditions 
the circuits using impedance coupling, or transformer coupling 
with an untuned primary whose natural period is above the 
highest frequency considered. 


TRANSFORMER COUPLING 
Where 
u is the amplification factor of the tube 
r, is the internal resistance of the tube 


2 A. W. Hull, Measurements of High Frequency Amplification with 
the Shielded-Grid Pliotron, Phys. Rev., 27, 439-454; April, 1926. 
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L, is the primary inductance 
L, is the secondary inductance 
M is the mutual inductance 
С» is the secondary capacity 
№; is the primary resistance 
Р, is the secondary resistance 


Fig. 1 shows the equivalent circuit of a three-element tube 
and transformer. The sereen-grid tube with a radio-frequency 
transformer may be represented by the same equivalent cireuit 


if the d.c. bias of the screen grid is constant and if there is no 
external radio-frequency impedance in the screen-grid circuit. 
The equivalent values of и and r, vary with the d.c. voltages, 
but have definite values as soon as all the d.c. conditions are 
specified. 

The voltage amplification Av. defined as the ratio of eg» to 
egi, 1S 


ô 
Жз, = ! = (1) 


2,272 1/2 
val +2,,2—-2 (aoa | 


х? 


т 
where 
2 = ‘py? + ai? 
= VR? +2: 
a= wm 
77+ Roa, 


0 = апт! – : 
Lati —33X4 — Rory 


(For the derivation of the equations in this section see Appendix 
A.). 

Equation (1) may be used to calculate the resonance curve. 
If we are interested only in the amplifieation at resonance 
simpler formulas may be derived. When any two of the three 
reactances X,, Xs, or WM are varied so as to make Г, a maxi- 
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mum, the maximum possible amplification for a given coil and 
tube is obtained. 
The value of this amplification is 
1 oL 
деле ыы a (2) 
2 VR: Vr, 
When the secondary reactance X; alone is varied to make J, 
a maximum the amplification is 


wL 
Oe MM. ee (3) 


Ы [1+ д | 
1 Рт 


When Х, is varied the frequency at which the circuit will resonate 
may be found from (7), Appendix A. 


а ata. =aLw?M?. (4) 
«Cs 
If the primary is open rp is almost infinite and as oL,c?M? is 
finite, the value of (о — 1/06) must approach zero so the re- 
sonant frequency is determined by the values of the secondary 
capacity and inductance. 

1 


VLC: 


(5) 


о, = 


where о, is 27 times the resonant frequency. 
When r, is not infinite w, becomes 


Tp LeC2 1 | V Coe 1 ) бойу” 
= wo? -— |+ ——) + 6 
^ zi 2.0 2 un m pe 


where 


1 
wo? ——————— 
Cole(1 — К?) 


K =coefficient of magnetic coupling. 
If r, in (6) is made zero by shorting the primary on itself w, 


becomes 
w, = $e? + 300° = Wo" (7) 


The values of wy given by (5), (6), and (7) are independent of 
the secondary resistance. Under the usual circuit conditions 
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if the value of r, is small, the coupling is weak so that (5) may be 
used without introducing much error. 


IMPEDANCE COUPLING 


Impedance coupling will be considered next. This should be 
the equivalent of transformer coupling when both inductances 
are equal and the coefficient of magnetic coupling is unity. 

Fig. 2-A shows the circuit using impedance coupling. When 


Fig. 2 


resonance is defined as the frequency at which the circuit has 
zero reactance the combination Ls, Rə, C» acts a resistance whose 
value is 


R - | t 1» wL? 
equivalent =——— =— 
i RC, Ri 
If the coupling condenser C is large enough to have a small 
reactance at the frequency considered, Fig. 2-A may be replaced 
by Fig. 2-B. The effect of Rg is to add a resistance to the second- 
ary resistance Rz and the value of this added resistance is given 
by 


(8) 


w? Da? 
pas = (9) 
К, 
Calling the total effective resistance of the tuned circuit R!; the 
value of R eff. is now 


w? L? w? Lo? 
Bem ————— = ——_ 10 
tt ET e (10) 
Р,+- 
К, 
е 
са са (11) 
To - Rett 
eg. 
Piae igi id (12) 


i Ty - Rett 
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L 
Av. == =т= 25083 (18) 


ЖЫ ЙЫ 
(14) 


Rin, 


Equation (13) is of the same form as (3) with cL; in (13) replac- 
ing wM of (3). R's of (13) includes the effect of the grid resistor 
R, being shunted across the tuned circuit. The above expression 
for Av. will only give the amplification at resonance. "The re- 
sponse at any other frequency may be found from (14) derived in 
Appendix B. 


2]? -- Р. 42 
Ау. = А 3 d 


= E - - 
4/ Leona Р) аар 


Hull gives ће same value of impedance with the exception that 
his term does not contain «*L;/r,. With a perfect screen-grid 
tube this term would be zero because of the high plate impedance, 
but with the commercial screen-grid tubes it should be considered 
as its value is appreciable. 
The amplification neglecting R? where it is added to «*L;? is 
oL, 


Av. Н. = = - (15) 
Tp w? Le? 2 
| аата, 1) | +R | 
7. 


Р 
at resonance «?L;C; = 1 and (15) becomes 


= 04 


2 


oL? 


Tp 


e) 


oL, 
a ees (16) 
Tp aL? 
R? + 
Tp 


which is equivalent to (13). 


DISCUSSION OF THE AMPLIFICATION EQUATIONS 


In the usual multistage set it is not convenient to vary Li. A 
maximum value of secondary current may be obtained by varying 
any two of the three reactances z;, zs, and zm. Varying both rm 
and zz the amplification obtained is given by Eq. (2). This 
will give the maximum amplification obtainable. The selectivity 
given by 

жь” = 17 
Бу (17) 
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(where №’ includes the secondary resistanee R, and the re- 
sistance transferred from the primary w?M?/r,) is only one-half 
that of the coil alone. 
The condition for optimum coupling is given by (9), Appendix 
A, as 
Ya = Rer +212 


As 22 is small this is approximately 
Za = Rory (18) 


With the screen-grid tube the plate resistance r, is around 800,000 
ohms under operating conditions. As will be at least 5 ohms so 
(18) cannot be satisfied. Eq. (2) will not apply to this tube. To 
obtain the maximum amplification impedance coupling should 
be used. 

As the condition for optimum coupling cannot be realized the 
selectivity of the tuned circuit will always be greater than 
one-half that of the coil alone. 

The value of zxz is varied so (3) will apply to this tube using 
transformer coupling. Almost as much amplifieation may be 
obtained with a properly designed transformer coupled circuit 
as with an impedance coupled cireuit. The primary inductance 
may be slightly larger than the secondary inductance. If the 
primary is made small physically by winding it with small wire 
it may be coupled rather closely magnetically to the secondary 
without adding excessive dielectric losses to the tuned circuit. 

There is some gain in selectivity by using a carefully designed 
transformer over that obtained by using impedance coupling. 
The effective resistance added to the secondary when a trans- 
former is used is o?M?/r,. The resistance added by impedance 
coupling is &?L;?/r, plus a term w?L,?/R,. The resistance added 
to the secondary by transformer coupling is less than that added 
by impedance coupling, and if the transformer is well designed 
the transformer coupled circuit will have better selectivity than 
the impedance coupled circuit. 

All the amplification equations show that the amplification 
will decrease with a decrease of mutual conductance. Fig.3shows 
и, ту and gm plotted against the screen-grid voltage, all other 
voltages being left constant. The screen-grid voltage may be 
used as à volume control. The value of r, will increase as gm 
is decreased so the selectivity will increase as the volume is 
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decreased. Tuning of the circuits will not be affected by the 
volume control. 


(6m) 


PLATE RESISTANCE (Гр) | 
AMPLIFICATION. FACTOR (Mu) 


MUTUAL CONDUCTANCE 
aS 
€——3- 
H | 
: al 


ds 
ow 
© 
© 


0 10 20 30.40 50 
SCREEN GRID VOLTAGE 


Fig. 3—CX-322 Sercen-Grid Connection. Plate resistance, mutual con- 
Pe a and mu vs. screen-grid voltage. Ес, =1.5 volts, Eb =135 
volts. 


STABILITY 


The control grid to plate capacity couples the input and out- 
put circuits in an amplifier. The output circuit contains a source 
of energy and will react on the input circuit because of the 
mutual reactance. The voltage fed back frorn the output to the 
input may be either in phase or out of phase with the input 
voltage. If the amount of energy fed back is enough to supply 
the input losses the circuit will oscillate. The circuit conditions 
necessary to cause oscillation through the mutual tube capacity 
depend upon the number of stages. The amplification increases 
geometrically and the capacity coupling the input and output 
decreases arithmetically so that a stage is reached where the 
output will supply enough energy to supply the input losses 
causing the amplifier to oscillate. 

Hull’ has discussed stability by assuming that maximum 
regeneration will be obtained when all the circuits are in exact 


3 loc. cit. 
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resonance. He does not consider n stages, but derives results 
for only two stages. 

Any discussion of stability should make no assumptions as to 
values of the phase angles. The theory should also show what 
factor multiplies the amplification value if oscillations do not 
occur. The final results in order to be general should be for n 
stages. 

Beatty* has found the circuit conditions that will cause one 
stage to oscillate. His limit as to the value of certain circuit 
constants that will cause oscillations to occur is found graphically 
without any mathematical proof. This article will show that his 
limit is correct, and will in addition carry out the work to two 
stages. A general law for n stages may be inferred from these 
results. 

Fig. 4 shows the circuit that will be considered. Any trans- 
former coupled circuit may be reduced to this circuit so the 
results will be general. The coils are assumed to be similar. The 


Fig. 4 


resistances in the coils have been replaced with conductances 
91, 92, 93 in parallel with the tuned circuits. The value of this con- 
ductance is 

Р, 


oL? 


ас= (19) 


The plate to filament conductance is gp. A voltage e is induced 
in the circuit. The ratio of the voltage е, and e is 


(20) 


For the derivation of equations in this section see Appendix С. 


4R. T. Beatty, The Stability of the Tuned-Grid Tuned-Plate, 
en Amplifier, Exper. Wireless and Wireless Engineer, V, 3; January, 
1 є 
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Beatty* by means of (1C) and (2C), Appendix C, without the 
last term (—exjoCo) in Eq. (2C), found the following relation 
between e and e. 


ез 
—=jAF (21) 
e 
where 
1 
yao tan 06,) (1--j tan 62) 3-H (22) 
C 
Н = ЕЕ = (23) 
А gce(gp +98) 
et (24) 


P =” ан 
wLige(gp+ge) 
The factor F will be infinity when 
—jH = (14-j tan 6))(1 +j tan 62) (25) 


Н is a circuit constant depending on о, gm, C» and the coils. 
Beatty* shows graphically that 1/F is the distance between H 
and a parabola. When Н is 2 this vector will be zero and the 
circuit will oscillate. 
The smallest value of H that will cause the circuit to oscillate 
can be shown mathematically to be 2 as follows: 


—jH = (1+jz)(1+3y) (26) 
or 
—jH =1+ју+јх– ху. (27) 
Equating reals ара imaginaries, 
ry-l 
—Н=у-+х. (29) 


From (28) х апа y must have the same sign. 

From (29) т and y must be negative. 

This means that the phase angles are negative or both 
circuits will have inductive reactance. 

From (28) т=1/у. 

Substituting this in (29) 


5 loc. cit. 
6 loc. cit. 
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1 
yt+—+H=0 or y?+1+Hy=0 (30) 
y 
=H EYR A (31) 
ae 


y must be real so that H? must be equal to or greater than 4, 
hence the smallest value that Н may have that will cause the 
circuit to oscillate is 2 When H is 2 each circuit must have its 
effective resistance equal to the effective inductance. If H is 
larger than 2 this restriction no longer holds. As we are only 
interested in the smallest value of H that will cause oscillations 
to occur the values of the phase angles when H is greater than 2 
are of no interest in this discussion. 

If H is smaller than 2 the regeneration factor for one stage 
may be found as explained in Beatty’s’ article. This phase of 
the question will not be further discussed here. 

The relation between e; and e; is from (6) Appendix C. 


ёз gm? 1 
т (82) 
€ 7911919495 A+B 
where 
А = (14-j tan 01) (12-j tan 0) (12-j tan 43) (33) 
] 1 1 
B= Сит + ) 
94 95 094 fi 
tan 0, tan 05 
-«Cun( + ). (34) 
94 95ь 94 Vh 


Let g = = 94 =09ь as would be the case in a multistage set. Eq. 

(34) becomes 

2oCogm | e Cogm 

Fri a i TP Lade LB TN 0, -tan 63) (35) 
9? 9° 


The quantity wCogm?/y? is a circuit constant. Denote its value 
by H’. Writing z for tan @,, y for tan б, z for tan 0; we have the 
following expression: 


A+B=(1+jz)(1+jy)(1+jz) -2jH' — H’ (x+y). 
The condition for the circuit to oscillate is that A+ B — 0. 


? Joc. cit. 
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In the single stage the conditions to cause oscillations were 
that H should be 2 and the phase angles negative and 45 deg. 
Assuming that the phase angles will be equal and the tangents 
equal to — 1, we find that H' for two stages is equal to 1. 


TABLEI 
X Y 2 H’ 
0 (Impossible as H’ is imaginary) 
—4 —0.25 —4 2.125 
-2 —0. 50 ~2 1.25 
-1 —0.75 -3 1.25 
—1.33 —0.75 —1.33 1.04 
-1 0.78 -2 1.11 
-1 —0.84 -1.5 1.04 
—1 1 -1 1.00 
-0.5 ~—1.44 -1 1.11 
—0.667 —1.5 —0.667 1.08 
—0.5 —2.0 0.5 1.25 
-0.5 -2.6 0.3 1.50 
—0.333 -—3.0 0.333 1.67 
—0.0 —3.0 -1 2.0 
-0.1 -3.0 2.0 
—0.25 —4.0 —0.25 2.125 
+1 (Impossible as H’ must be —1.) 


Table I shows how the value of H’ necessary to cause the 
cireuit to oscillate varies with the phase angles. From this table 
it is seen that any value of H equal to or greater than 1 will cause 
the circuit to oscillate. Oscillations cannot occur if H is less than 
1. From the table y must always be some negative value. When 
either т or 2 is made zero, Н is 2, the same value as found for one 
stage. The phase angles are different, which is to be expected. 
Assume one stage was oscillating and another stage was added. 
If the phase angle was zero this would merely act as an amplifier, 
and to cause the whole circuit to oscillate it would be necessary 
to change the tuning on the first two condensers. 

The results to be general should be expressed in terms of Av. 
Divide both the numerator and denominator of (13) by w*L? 


m 1 gm gm 


Av.= (36) 


т, dts 1 С getgp | 0 


wh? ть 


Refer to (32). As was previously mentioned, 1/30/91 is the ratio 
between e; and e. The remaining part of (32) gm?/q,-g5(A + B) is 
the ratio of the voltage e; to e. If regeneration is not taken into 
account, 9т2/04:9ь is the amplification of two stages as the 
amplification of one stage is gm/g as was shown in (66). When 
the value of the vector 1/(4+ B) is known the total amplification 
considering reaction is the amplification per stage squared times 
the regeneration factor 1/(A-- B). 
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For one stage we found 


wCogm 
specs (37) 
g? 
for two stages 
wC ogm 
H! = a (38) 
g^ 
multiply (38) by 2 
2=2wCogm/g? (39) 


or 
поСодт поС,Ау.? 


g? gm 


2 (40) 


where n із the number of stages or the number of tuned circuits 
minus 1. 


(41) 


2gm 
Av.« V : (42) 
noC, 


Hull? ound an expression for two stages, 


gm 
Av. «q/ ы +1: 
wl 


When n is 2, Eq. (42) becomes 


Av.« A/ —- (43) 


Hull's expression agrees with this expression as to the circuit 
values and differs in adding 1 under the square root sign and 1 
to the whole expression. As he assumed exact resonance there is 
no way of telling from his equations whether there would be any 
feedback if the cireuit did not oscillate. In other words according 
to his results there would be no regeneration until the point of 
oscillation was reached, when the circuit would suddenly start to 
oscillate. 

Eq. (42) shows the importance of shielding the input from 
the output in using a tube with a low control grid to plate capacity 
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if stability is to be obtained without neutralization or adding 
losses. 

The tube should be operated so that the value of gm is as 
high as is consistent with good tube life as the stable value of Av. 
in (42) will be raised with an increase of gm. 


$00 600 700 800 1200 1320 100 1500 


920 1000 поо 
FREQUENCY — КС. 
Fig. 5—Limit of Stable Amplification per Stage for Type CX-322 Tubes. 

gm =350 micro-mhos, Co =0.25 muf, A—one-stage amplifier, B— 

two-stage amplifier. 

Fig. 5 shows the limit of stable amplification plotted for a 
CX-322 tube. The value of C, is taken as 0.025 uuf. This value 
is the extreme limit and most of the tubes have less than 0.02 uuf 
control grid to plate capacity. The value of gm is taken as 
350X 10-5 mhos, which is an average value. 

Eq. (42) is general and will apply to any tube where the only 
feedback is through the mutual capacity. Most three-element 
tube circuits are stabilized in some manner. Limits of stable 
amplification using three-element tubes are of more theoretical 
than of practical interest and will not be given here. 

Note: Since this article was written Rockwood and 
Thompson published a formula for the maximum load impedance 
which may be used with a tube without oscillations occurring. 


R 1.417, 
Nd r,(2mfC ,.,9m)!? — 1.41 


This expression is the same as (42) when n is 1, as can be seen 
from the following algebraic transformation. 


Clearing of fractions, 
Rprpy/oCogm — /2Rp = V2rp 
V2(Rpt+rp) = Rprpy/eCogm 


з Rockwood and Thompson, Discussion on Application of the Four 
Electrode Receiving Tube (UX-222), Proc. of the Radio Club of America, 
5, 69; June, 1928. 
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V29M (Rp+rp) = RprpgmV/wy 
H 2gm 


Rp+rp | wl 


2gm 
Av. ==" в, y d 
Rp+rp «C, 


which is the same as Eq. (42) when n is 1. 


Appendix A 


DEnivATIONS oF EQUATIONS Fon Fic. 1 
I Je M peg, 
* ӘМ ато (runs oL fs) 


It; has been neglected because it is small compared to r, where 


(1) 


1 
23 = 015 —— 
2 2 оС, 
Zi —ola4 
Г, (2) 
eg =—— 
(2 it, 
e wM 
Ave = ! (3) 
eg: e Cs | ro Fs -o* M? — 1,25) 4- (roms ха) 
The absolute value of Av. is 
Lô 
Av.= zd (4) 
ZZ 
aC аме 2(xix; — rR) Js 
был» ent 2022 Htm —2e*M?(xyxs ж 1 plo) (5) 
1° c? M? 


The value of Г will be a maximum when Zn is а minimum. To 
find when I; will be a maximum, as any of the reactances are 
varied, it is only necessary to differentiate Z 1; with respect to 
that reactance and to set the derivate thus found equal to zero 
and to solve for the desired reactance in terms of the other 
impedances. 
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Doing this we find that J, will be maximum when 


w?M 2x, 
ттт. (6) 

w?*M 22x, 
c (7) 

T» Fii 
w?M? = (r +z?) [R 4-22?) ў (8) 


Relations to satisfy (8), (9), and (10) may be found by equa- 
ting values of oM? from these equations. Doing this we find 


T2 Xi 


MLA ge 9 
UE (9) 
When (9) is satisfied «Л from (8) becomes 
R 
o? M? = Rar, +2122 -—(r,*3- 2) (10) 
Tp 


If we satisfy any two of (6), (7), and (8), the third will also be 
satisfied. It is not usually convenient to vary zı. Varying both 
х, and wM, 2 becomes 


аго 
КЕСАР ТОЛЫ 


29 = 2 /Ror (11) 
12 V HT eL, 
I; from Eq. (1) becomes 
1 И 
CRINE E E. xu 1 (12) 
2 vy Rory Vr, + 21°? 
If r, is large compared to whi, 
1 ol, 
A) „230 (18) 
2 MV Р, Мт» 
If only z: is varied Zi: is 
eT 
Ryv/ atit rst 
Zuu wLiıtjrp (14) 
18" oM: д 
If т, is large compared to (wl) Av. is 
ш whe wM 
Ау. = — —————— (15) 
Тр R: wM? 
1+ 


Ror, 
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Appendix B 
GENERAL Equations ron Fra. 2-A. 
Let Z be the impedance of the tuned circuit. 
oL —jR; 


Z= (1) 
Р, оС +7(021.С, — 1) 
where R?’ includes the effect of the grid resistor. 
Let Z, be the total impedance of the circuit. 
РС +7 (9? 4C, — 1 L-R’ 
Soez4s -———— аа а асте а, де а а (2) 
Р, «C; +] (w? LC = 1) 
. Megi 
D 3 
a? (3) 
е 
€p Or еў = а s (4) 
1 
oL; —jRy 
"ES _ 9 A Во, +3 (021.6, = 1) ) (5) 


и 5 
eg: Ry! 1 oC. -+wLe+j(rw*LeC2— , В) 
Ру оС, +7 (w? LC om 1) 
The absolute value of Av., neglecting the phase angle and 
Bee’ /ғ,, is 


21,24 R2 
m. Q? L^ + Р, - (8) 


Tp f 2 , а?а? , à 
[Cs (v? L;? 4- Р, 2?) —wL, |? + +R: 


Tp 


Appendix C 
ANALYSIS oF Fig. 4 


Applying Kirschoff’s first law to the points A, B, and C, we 
have 
titititi =0 (1) 
е —е 


joL 


T &jeCic- egi [e — (е) ]jwCo =0 (1а) 


1 
[meti ate tC- -ajuto (1b) 
wLJ јә 
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1 
w(CitCo ила 
w 
Let tan 6, be ——— —— — ——; then Eq. (1B) becomes 
fi 
e 
ei (14-j tan б) —-——t+e2jwCo=0 (1c) 
joL 

—igttstigtiztis tis = 0 (2) 


е. 
— (а +е)дбо+(—е+ие)ар—-——-—өйо— (е+-ез)јәСэ=0 (2a) 
je 


EC (С.+2С,) -2+ gp + 2 - ejwCotgme, = езјәСо =0 (2b) 
о) 


gm = шур 
Let 9р+92=9‹ 


cC, may be neglected in comparison with gm. Eq. (2B) 
then becomes 


= е294(1 +1 {ап b2) +egm— e3jwC o =0 (2c) 
—is tio tin às їз =0 (3) 


e 
(6 +63) jwC o+ (es — 62)» MA +es93 —0 (3a) 


«әс otC3)— " +0р + |н, от =0 (3b) 
Qi 
exgs (14-7 Фар 65) — едт =0 (3c) 


Multiply (1C) by gm and (2C) by g:(1+J tan 61). 

Subtract (2C) from (1C) after multiplying by the above 
quantities and we have 
es {jwCogm+gag (1+5 tan 61) (1--j tan 62) } 


А | едт 
-FesjoCogigm (1 +j tan 61) -E (4) 


Eliminating ez between (4) and (3C) we have 
ex(joC ogmgi(1+j tan 6,) +jwCogmg:(1+3 tan 63) 
eg?m 


я > 0 
+991 (1 +j tan 61) (1-5 tan 62) (14-7 tan 63) “а. (5) 
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ёз gm^ 1 


s (6) 
е joli ga gs A+B 


where 


А = (1j tan 6) (14- tan 6;)(14-j tan 6,) (7) 


1 1 tan 6. tan 6 
B= juCgm( E— J-ecan( ME 5 ? (8) 
94 Js 94 91 94 9ь 94 91 
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THE EFFECT OF REGENERATION ON THE RECEIVED 
SIGNAL STRENGTH* 


By 
BALTH. VAN DER Por 


(Physical Laboratory, Philips’ Glowlamp Works, Ltd., Eindhoven, Hoiland) 


Summary—It is the purpose of this paper to give a theory of the effect 
of regeneration using the solution of a non-linear differential equation, and 
to present experimental verification of the theory. 

It is shown that: (a) as а first approzimation, detection has no effect 
on the radio-frequency grid voltage developed under the influence с] an 
incoming signal, (b) the amplification oblained through regeneration equals 
the two-thirds power of the ratio of the “grid space” io the amplitude obtained 
with zero regeneration. It is apparent from (b) that much greater gain is 
obtained through regeneration with weak signals than with strong signals. 

The verification of the theory ts made with a circuit arrangement operat- 
ing at 600 cycles per second. Application is made to radio frequencies using 
this as а model of a high-frequency system, following a theorem for model 
systems which is stated. 


í HE considerable increase in signal strength obtainable 
through the use of regeneration is well known. It is also 
common knowledge that this increase in signal strength is 

considerably greater when the incoming signal is weak than when 

it is strong. It is the purpose of this paper to provide a non- 
linear theory of this effect of regeneration and the experimental 
verification thereof. 

Suppose a triode system of one degree of freedom, as in Fig. 1 
where L, C, r form the tuned circuit and the mutual induction M 
provides the regeneration. 

Let further an emf, E sin wt, representing the "incoming 
signal,” to be applied to the oscillatory system. Neglecting the 
grid current and calling the current in the LCr circuit 2, and the 
deviation of the anode current from its steady value ïa and the 
alternating grid P.D. V,, we have 


sue Vie fia wi Esinait (1) 
к= = —M— = Е еп 
ae eJ dt 2 


E f idi =v, (2) 


* Dewey decimal classification: R134.4. Corrected copy; reprinted 


from August, 1928, issue of the Procrepincs. Paper read at the meeting 
of the International Union of Scientific Radio-telegraphy, October, 1927. 
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In the “tuned grid” circuit, the variations of anode potential 
are usually small compared with the variations of the grid poten- 
tial, so that as a first approximation, the anode current variation 
Фа is a function of. the grid potential variation only, i.e., 

ta=f (vo) (3) 

In order to avoid complexity we neglect the grid current and 
we therefore imagine a negative grid bias to be provided. Our 
system of coördinates in the ia, v, plane is therefore as shown in 
Fig. 2. This differs from the usual notation in so far as the zero 
point of the coórdinate system is shifted towards the steady d.c. 
position round which the oscillations occur. 


E SINU, t 
Fig. 1 


We approximate equation (3), representing the curved plate 
eurrent-grid voltage characteristic of the triode, by the cubic: 


ta = 810, 850,2 — Sav? (3a) 


where S; is the usual “mutual conductance” for infinitesimal grid- 
potential variations. S and Ss are further determined by the 
form of the characteristic. As the latter bends round both at the 
top and at the bottom we write in (За) — 550,5 instead of + S3»,3. 

The elimination of i and 7, from (1), (2), and (3a) results in: 


d?v, IG o) 2MS, 3: 3MS; К+ К 
—— —- v Ug. pto = 
AE "NE 07 ace" one гүш С 
w E sin wt. (4) 
where 
еы 
Edd 
Calling further 
"i MS, 
—— M APE T 
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MS, 
co 
MS; 
LC ду 
(4) becomes 
9, (—а — 280,--Зуүо,?) d Hw = e? E sin wit. (4а) 


which is a non-linear inhomogeneous differential equation of the 
second order with non-linear resistance terms. The usual ele- 
mentary approximation of a linear characteristic would make 
B = ү =0 and for resonance (i.e. w? =w?) and critical regeneration 
(i.e. а =0) the developing grid voltage v, would become infinite. 
In order to obtain a satisfactory theory of the response of a 
regenerative triode system to an expressed emf a non-linear 
problem must therefore be solved. 

The equation (4a) was fully considered in a former paper!; 
from the results obtained there it follows that the steady state 
solution in the neighborhood of resonance (|w —«i |w) can be 
written: 

v =b sin (wit+¢) 
where the amplitude b of the resulting grid potential variation 
is given by: 
b? {4 оо) (a — #63) ] = wE? (5) 


a cubic equation in 02. It is further seen from (5) that the sym- 
metrical term in (4a) (with) (which determines the detection) 
has, in the first approximation here considered, no influence on 
the resulting v,. Therefore as a first approximation detection has 
no effect on the h.f. grid potential difference developing under the 
influence of an incoming “signal.” 

Further if (5) is compared with the usual linear case as 
represented by 


b? { 4 (wo — w)? +оо? } =002Е?, 
it follows that in the non-linear case (о — łyb?) is substituted for 
ao, 1.е. the system behaves as if for the resistance 7 a new resist- 
ance r’ were substituted of a value given by 


EE “As 3 е \ (6) 
"= 


1 Phil. Mag. 3, 65, 1927. 
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which therefore depends upon the amplitude 5 already present 
in the system.? 
When the regeneration is pushed so far that 


MS,>rC (7) 


it is seen from (6) that the first order differential resistance of 
the system becomes negative and therefore the system has the 
tendency to oscillate spontaneously. However, as was shown in 
the Phil. Mag. paper quoted above, the forced oscillations may 
suppress the development of the free oscillations. The phenome- 
non manifests itself through the presence of a “silent region” 
extending at both sides of resonance. As was shown by Professor 
Appleton the width of this silent region is determined by the 
amplitude of the incoming signal. For strong signals this width 
is given by 


ы 3 
Q9 —01 = +24 2 (8) 


Wo а 
It is of interest to investigate the resultant grid amplitude Б if 
(a), the system is tuned exactly to resonance, i.e., 
Wo =O), 


and (b), it is brought on the verge of free oscillation, ie., when 


SiM m: Cr . (9) 
For this case we at once obtain from (5) 
ҮЗ = tuk, (10) 


which expression will now be considered in detail. 
First, it follows from (10) that the resulting grid amplitude is 
proportional to the cube root of the emf applied to the system. 
Further, it is easy to assign an approximate value to y directly 
from the triode characteristic. Referring to (3a), (4a) and Fig. 2, 
and taking the symmetrical case for which 8 = 0, it follows that a 
good approximation to S, can be found from the maximum and 
minimum value of the cubic (За), for 4, —4, max when 
Si 
002 =— · 
38; 


? This property of the non-linear system was first derived in 1920. See 
Balth. van der Pol, Radio Review, Nov., Dec., 1920. 
+ E. V. Appleton, Proc. Camb. Phil. Soc., 23, 231, 1923. 
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Calling, therefore, the grid voltage change necessary to bring 
the anode current from zero to its saturation value the “grid 
space" and designing it by V, (see Fig. 2), we obtain 


4S 
Pam (11) 
і: 38; 
hence 
M 48, 
i . 
LC 3V*4 
But, when the system has critical regeneration (9) obtains, i.e., 
Cr 
М =— 
8i 
hence 
r 4 
gl врах 


When we further call vı the grid-voltage amplitude which 
would be obtained with no regeneration at all, (М = 0), or 
(which is the same thing) with reduced filament current, we 
find from (5) 

" woh? 

vg = ч р 


hence we obtain from (10): 


р? = DE V*io 
or 


b= Von Vio (12) 
reading in words: 

The grid amplitude developing in resonance and with critical re- 
generation equals the cube root of the product of the grid amplitude 
which would be obtained with no regeneration at all, and the square 
of the “grid space,” as defined by Fig 2. 

(12) can further be written: 


ы -(—)" (13) 


Ugl Ug1 


which means that: the amplification obtained through regeneration 
equals the two-third power of the ratio of the “grid space” Vp into 
the amplitude obtained with zero regeneration. The much greater 
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gain obtained through regeneration with small signals than with 
stronger ones is at once apparent by (13). 

Some measurements provided a very satisfactory experi- 
mental verification of the theory outlined above. 


Fig. 2 


The measurements were taken with relatively low frequency, 
thus avoiding obvious errors. That the results are, however, 
equally applicable to high-frequency circuits follows at once from 
the following theorem: 

If a model is made of a high-frequency system consisting of 
linear inductances, linear capacities and non-linear resistances (e.g. 
triodes) and if the values of all the inductances (self and mutual) and 
capacities in the model are made n times these values in the original 
high-frequency system, but if the resistances (linear and non-linear) 
in the model are made equal to the resistances in the original circuit, 
the currents and potentials occurring in this model will be exactly 
equal in magnitude to the currents and potentials in the original 
high-frequency system but, considered as a function of the time, they 
will vary n times slower.* = 

Therefore, the natural periods of the model will be n times 
those of the original system, and the building up and decay of 
currents in the model will also occur n times siower. 

This simple theorem at once follows from a dimensional 
consideration of the coefficients such as r, oL, 1/0 С, Мо, oc- 
curring in the differential equations, because, e.g. 


Q) 
wL=—-nL, etc. 
n 


* Incidentally, in this model system the stray capacities are reduced 
n times in magnitude. Therefore, in order to investigate the effect of a 
specified stray capacity in the original high-frequency circuit it is only 
necessary to insert at its place in the model circuit a capacity n times the 
original stray capacity. 


van der Pol: Regeneration on Received Signal Strength 345 


In fact, with asystem having a natural frequency of 500 Hertz 
(cycles per second) and with critically adjusted regeneration 
it often took a minute for the free oscillation of the triode system 
to reach its final value, hence it was not easy to decide, before the 
external emf was applied, whether the regeneration was exactly 
critical or not. Therefore, an intermediate way was chosen and 
a model of a receiving set was made having a natural frequency 
of 15000 Hertz. 

Four sets of readings were taken* with a standard triode 
(tungsten filament V,;=4.0 volts, saturation current 11 milli- 
amperes, anode potential varying between 100 and 200 volts, 
negative grid bias varying between —4.5 and —7.5 volts). 

The applied emf E sin wit was varied between 2.1075 and 
10-? volts, the resulting alternating grid voltage Ул with no 
regeneration varied between 100.10-5* and 0.5 volts, and the 
resulting alternating grid voltage b with critical regeneration 
varied between ca. 0.2 and 4 volts. The exponent s in the formula 


b= (V35o-v,))* 
which, according to the above theory, should be 
$0.33 


was found from the four sets of measurements to be 
s=0.36 
0.36 
0.36 
0.32 
mean: s=0.35 
while the “grid space” V, calculated from these measurements 
was 
V,0= 26 volts 
25 


20 
15 


mean: V,,- 22 volts, 


5 The experiments and calibration of the necessary amplifiers were 
performed by Messrs. K. Posthumus and R. Veldhuyzen. Care was taken 
that the receiver did not react on the transmitter. 
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as compared with the value 
V,o- 27 volts 


obtained directly from the characteristic. 

The experimental value for the exponent s fits in well with the 
theoretical value; provided only those parts of the characteristic 
are considered for which no oscillation hysteresis occurs. The 
representation of the ta, v, characteristic, by a cubical parabola, 
with three constants Sı, S», and S; only, obviously cannot yield 
very accurate values for V, obtained with a voltage swing of not 
more than 0.35 volts. 

Therefore, there is no doubt that for all practical purposes 
the theory given above fits in well with experiment. 

Finaly, we give some practical figures caleulated from 
formula (12) with the following data: 

wL 
— = 40, 


r 


Voo= 27 volts. 


Electromotive force E | Resultingalternating | Resultingalternating | Amplification obtain- 
working in grid circuit | grid voltage with no | grid voltage b, with | able through oritical 
regeneration (05) critical regeneration | regeneration (b/vj) 


10-5 Volts 0.04 X10- Volts 0.31 Volts 7700 
105 * 0.66  * 


0.4 X102 “ 1600 
104 “ 4.0 x102 “ 1.4 а 360 
109 « 0.04 G gab oc 77 
10-2 « 0.4 . 6.6 s 16 
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RECEPTION EXPERIMENTS IN MOUNT ROYAL 
TUNNEL* 


By 
А. S. Eve,! W. A. STEEL? G. W. Oxive,? A. К. McEwan, 
AND J. Н. Тномрѕом.5 


( Director of Physics Dept., McGill University, Montreal, Canada; * Chief Technical 
Officer, The Royal Canadian Corpa of Signals, Ottawa, Canada; ? Director of Radia Dept., 
Canadian National Railways; * Chief Engineer, Canadian Marconi Company, Montreal, 
Canada; * Radio Engineer, Radio Dept., Canadian National Railways.) 


Summary—This paper deals with certain experiments carried eut in 
the Mount Royal Tunnel of the Canadian National Railways at Montreal, 
Quebec, in order to determine how radio waves reach the receiving set. Pre- 
liminary experiments in 1926 indicated that the penetration of radio waves 
into the tunnel was a function of the frequency, short waves below [00 meters 
dying out within a few hundred feet of the mouth of the tunnel. More exact 
experiments and measurements were planned and carried out in 1928 to bring 
out the part played by the wires, cables, and rails leading inte the tunnel. 
The tunnel mouths were blocked and the cables grounded, and the results so 
obtained indicated that the effect of cables and rails was also dependent on the 
frequency. It was also evident that more actual energy entered via the tunnel 
itself than was at first suspected. The effect of rails and cables is not a simple 
one but involves loop action, wave-antenna effects, and re-radiation. 

Curves are attached showing graphically the results obtained. A map of 
the area and an elevation of Mount Royal itself give general details of the 
geology of the region. 


INTRODUCTION 
ARLY in 1926 the problem of reception of radio transmis- 
Е sion іп Ње Mount Royal Tunnel in Montreal came up 
for consideration, and at the request of Dr. A. S. Eve 
arrangements were made to carry out a series of tests in order 
to determine the general nature and strength of radio waves 
under Mount Royal. 

Information has been published from time to time in the 
Technical Press dealing with experiments of this nature both in 
England and America, but so far as is known, these experiments 
were confined to a judgment of signal strength by the ear and 
not to a measurement of the actual signal strength existing within 
the tunnel. It is a well known fact that the human ear is a very 
indifferent measuring instrument and it was therefore determined 
that in the proposed tests accurate measurements should be made. 

* Dewey decimal classification: R113. Original manuscript re- 


ceived by the Institute, October 31, 1928. Presented before New York 
meeting of the Institute, December 5, 1928. 
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Before considering the experimental work it might be well 
to spend a little time in a discussion of the tunnel itself. The 
attached section of Mount Royal, Fig. 1, shows the outline of 
the mountain as well as the location of the tunnel, and in addi- 
tion an indication is given of the nature of the rock of which the 
mountain is composed. The tunnel is 3} miles long and extends 
from Dorchester Street to the C. P. R. tracks on the northwest 
side of the mountain. The diagram reproduced herewith has 
been taken from a report on the “Essexites of Mount Royal,” 
by Bancroft and Howard, of McGill University. It will be noted 


a Mount Royal Heights 
Fine Avenue 


M Gil University 


Sherbrooke Street 
orchester St shaft. 


St Catherine Street 


ji 


[7] Syerteiat deposits ES] Limestone Exfgéssenite rne Ai 
< Dykes and sheets Camptonite breccia 
Mees utes мәе [3X] diagrammatic J] е (Mount Royal ) [et] Mer «ле ren 


Horizontal Scale р 
Ye о / mile 


vertical Scale 
400 o 


EJ 


Fig. 1—Section of Mount Royal Showing Outline 
of Mountain and Location of Tunnel. 


400 feet 


that the greater part of the mountain is composed of limestone, 
but the entire center section, that is, where the mountain is the 
highest, is composed of essexite. In addition to this there are 
one or two shafts of camptonite breccia in the northern part of 
the mountain. Attention is also drawn to the ventilation shaft 
at Maplewood Avenue. This is the only ventilation shaft in 
the tunnel from Dorchester Street to the C. P. R. tracks. The 
tunnel is wide enough to carry a double track, and, in addition 
to the rails, the following conductors are carried through the 
tunnel from end to end: 

(a) A lead covered conductor for 60-cycle, 12000-volt, 3- 

phase power. 


! The tunnel also passes directly under the reservoir at Outremont not 
far from the ventilation shaft. 
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(b) Two phosphor bronze trolley wires over each track. 
These trolley wires are suspended from a 7/8-in. diam- 
eter phosphor bronze messenger cable, the messenger 
cable itself. being thoroughly grounded. 

(c) A lighting circuit for the tunnel carrying 60-cycle 
single phase at 120 volts.: 

(d) The negative return wiré for the ground connection. 

(e) 20 or 30 telegraph conductors, lead covered and insu- 
lated for 240 volts. 

(f) Between Dorchester Street and the grotto there is an 
automatic track circuit 1650 feet long. There are numer- 


L. 
versity 


МеСш Uni: 


25 
Chambers (approx) 


Fig. 2—Elevation, Mount Royal Tunnel, Montreal, Quebec, Canada. 


ous signal and power wires required for this circuit, 
but the detail of the conductors is not definitely known. 
(g) All four rails comprising the double track are thor- 
òughly grounded with 250,000 circular mil stranded 
cable. 
The tunnel is conveniently divided into chambers. By refer- 
ring to Fig. 2 it will be noted that these chambers are not in all 
cases of uniform length. Chambers 5 and 6, for example, are 
both located at the same point in the tunnel, while Chambers 
7 and 8 are very short. Again at the northwest end there are 
several chambers somewhat shorter than those in the central 
part. In general the chambers are 400 feet long. In plotting the 
curves for this report the base line has been taken as the subdi- 
vision in chambers, and an attempt has been made to take into 
consideration the essential differences mentioned above. This 
point, however, is not of very great importance in considering 
the results obtained. 
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The map attached to this report shows in general the direction 
taken by the tunnel as it passes under Mount Royal. It will be 
noted that the actual direction of the tunnel is nearly east and 
west and the Montreal end is referred to as the “east portal” 
and the Mount Royal Heights outlet as the “west portal.” 


PRELIMINARY TESTS 
In June, 1926, arrangements were made by McGill Univer- 
sity, the Canadian National Railways, The Canadian Marconi 
Company, and The Royal Canadian Corps of Signals, for a 
series of reception tests in Mount Royal Tunnel. It was thought 
that tests should be made on different wavelengths in order to 
determine whether the frequency affected the penetration of the 
signals into the tunnel, and 40 meters, 411 meters and 1300 
meters were finally chosen, these being representative wave- 
lengths in their respective bands. Signals from station WIZ 
were to be used for the short-wave band, as this station was 
nearly always in operation and the signals were remarkably clear 
and constant in Montreal. The Canadian Marconi Company 
were good enough to arrange for a series of programs from their. 
Montreal station, gramaphone records were used, and eare was 
taken to maintain a constant output throughout each test. For 
the 1300-meter signals, the 500-watt station of The Royal 
Canadian Corps of Signals in Ottawa was employed. The tests 
began at midnight and an hour's transmission on each of the 
three wavelengths was required to make a series of tests from 
the Dorchester Street station to the west end of the tunnel. No 
attempt was made to measure the field strength in these tests, 
but a carefully calibrated audibility meter, connected as a shunt 
across the telephones in the output circuit, was employed for 
each of the three bands of wavelengths. It is appreciated that 
tests of this nature are not highly accurate, but they are at least 
an improvement over any attempt that might be made to judge 
the signals by the ear alone. The order in which these tests were 
made was as follows: 
(a) From midnight until 1 a.m., Eastern Standard Time, 
411-meter signals were received. 
(b) Between 1 and 2 a.m. signals on 1300 meters were re- 
ceived from Ottawa. 
(e) From 2 to 3 A.M. signals from WIZ were used. 


For each of these wavelengths a standard ear aerial was em- 
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ployed. This aerial was of the box type and was mounted on 
top of the observation car used for the tests. For the short-wave 
reception the receiving set consisted of a detector and two steps 
of audio amplification. Marconi V.24 valves were used and re- 
generation was controlled by inductive coupling. A standard 
broadcast receiver of the neutrodyne type was used for the 
411-meter wave. This was a 5-valve set operated without a 
power tube. An В. C. С. 8. standard receiver was used for the 
long-wave band. This set had two stages of radio-frequency 
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Sherbrooke Street 
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Fig. 3—Signal Strength, Measurements under Mount Royal Tunnel, 
Montreal, Quebec, Canada, June 16, 1926. 


amplification and one stage of audio. On the radio-frequency 
side the coupling between valves was by means of the well 
known rejector circuit. In this receiver English ^R" type valves 
were employed. 

The procedure in taking all these tests was to start at the 
Dorchester Street terminus and to proceed by definite steps 
through the tunnel. In the case of the broadcast and long-wave 
bands, these steps were each approximately 10 chambers long. 
In the case of the short-wave signals, very much shorter steps 
had to be employed as the signals died out within a few hundred 
feet of the entrance to the tunnel. 

The results of these experiments can best be followed by a 
study of Fig. 3. In this diagram the profile of Mount Royal 
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itself has been laid down to the same base as is used for the plot- 
ting of the results. In this way it was possible to identify a given 
signal strength with the depth of rock existing over the tunnel 
at that point. The most noteworthy result was the rapid attenu- 
ation on the short-wave band. It will be observed that the signals 
were reduced to zero approximately 1500 feet from the mouth of 
the tunnel, that is, before Chamber 5 was reached. This result 
was so unexpected that repeated checks were made, the signal 
being traced step by step into the tunnel. The net result, how- 
ever, in each case was as shown by Curve 3. It will be observed 


TABLE I 
42.5-Метев Tests—ApRIL 14, 1928 


J Control Panel Reading | br Cent Si SERIES E 
Position in Tunnel in Current Ratios | Strength (5) | Remarks 


300 ft. N of Chamber 45 13 100 
Chamber 45 10 76.8 
100 ft. 8 of Chamber 45 5 38.4 
150 ft. Sof ^ * — 45 2.5 19:2 | 
200 ft. S of t 45 2.0 15.4 
300 Rusion ы 45 1.6 12.3 
8 6.2 47.7 | 
ft. S of re 44 2.0 15.4 | 
Chamb ber 43 1.0 ТОТ. | 
42 0.39 3.0 
ы 41 0 0 
TABLE П 
42.5- METER Tests—Aprix 15, 1928 
| 
| | e | 
300 ft. N of Chamber n3 3.1 100 
100 ft. S of 1.25 40.4 | 
100 ft. S of is 45 1.6 51.5 | 
200 ft. Sof + 45 0 | 


that there were only 48 feet of rock over the tunnel at the point 
where the short-wave signals disappeared. These tests, were 
only made at the east or Dorchester Street end of the tunnel. 

The 411-meter signals were audible throughout the entire 
length of the tunnel, but were very weak from Chamber 11 to 
Chamber 44. At Chamber 11 the strength was reduced to one 
twelfth of its maximum strength outside the tunnel. At this 
point the rock was approximately 275 feet deep. It should also 
be noticed that at Chamber 33, where the broadcast signals are 
weakest, the depth of rock is only 210 feet. 

The 1300-meter signals were also audible throughout the tunnel, 
but were very much stronger than the broadcast signals although 
the two stations were of approximately the same power output. 
It should be noted, however, that the station from which the 
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1300-meter signals were received was about 100 miles from the 
tunnel, while the broadeast station was only about 3 miles away. 
In this case the signals reached their lowest value at Chamber 
22, which is approximately the center of the tunnel. 

From a consideration of these curves it would appear that the 
strength of signal at any point within the tunnel was a very 
definite function of the frequeney employed. It still remained 
to be determined, hcwever, whether these signals came through 
the open tunnel or along the conductors and rails runming 
through the tunnel. Considerable discussion arose over this 


TABLE III 
55-Meter Testa—Apriv 14, 1928 


Per Cent Signal | 


Position in Tunnel | Meter Reading Strength (3) Remarks 

300 ft. N of Chamber 45 400 100 | 
Chamber 45 200 50 
100 ft. S of Chamber 45 10 25 Fading 
150 ft. 8 of н” 45 20 5.0 
200 ft. S of C 45 15 3.75 
300 ft. 8 of e 45 9 2.25 
Chamber 44 15 3.75 
100 ft. S of Chamber 44 12 3.0 
Chamber 43 10 2.5 

e Kae 5 | 1.25 

«а | 1 | 0.25 

TABLE IV 
55-Meter Tests—Apnriv 15, 1928 
| | (6) 

100 ft. S of Chamber 45 100 100 
200ft.Sof “ 45 | 15 15 
300 ft. S of - 45 50 50 
Chamber 44 | 40 40 

e As 30 | 30 

- 42 8 8 

= 41 0 | 0 | 


point and two general theories were evolved as a result of the 
work done. The first theory was that the greater part of the 
energy reached any given point within the tunnel by passing 
through the rock. It was appreciated that a certain percentage 
must come along the wires and perhaps through the tunnel it- 
self. In support of this theory the following figures are of interest. 
From Zenneck’s treatise on “Radio Telegraphy,” page 248, the 
following figures with regard to conductivity are obtained,— 
Conductivity of sea water, 6—1 to 5X10 E. M. Units 
Dryish earth, 6=10"4 E. M. Units 
Ratio =1 to 1000 
From the same authority we learn that one meter of sea water 
reduces the strength of signals by 10 per cent. Therefore, it is 


= -e 
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assumed that it would require 1000 meters of rock to produce 
the same reduction in strength. 

The other theory advanced considered that the greater part 
of the energy entered the tunnel via the tunnel mouth, although 
a proportion undoubtedly came along cables and rails. The 
curves of Fig. 3 afford the best support for this theory. From 
these curves it will be noted that the short wave dies out within 
a few feet of the mouth of the tunnel although there exists only 
a thin layer of rock at this place. Again, it will be noted that the 
411-meter signal continues to diminish in strength as we go from 
the Dorchester Street shaft towards the west end of the tunnel 
and at Chamber 33 the lowest signal was received, although the 
rock is considerably shallower at this point than it is in the center 
of the tunnel. From Chamber 33 on, the signal increases in 
strength, but this might be accounted for by energy coming in 
via the west portal. 

The 1300-meter signa! is the only one that seems to follow 
the rock penetration theory; here the weakest signal was received 
under the center of the mountain, that is, under the greatest 
depth of rock. 

On account of shortage of time it was not possible to carry 
out further experiments during 1926, in order to determine which 
theory was the more nearly correct. 

During the summer of 1927 Dr. Eve was in a position to 
carry out further tests in the Caribou Mine of the American 
Mining and Prospecting Company at Caribou, Colorado.? The 
following extract from this report will indicate quite clearly 
the tests made and the results obtained— 

The experiments participated in by Dr. Eve were conducted 
with a superheterodyne set with nine electron tubes in the Cari- 

bou mine of the American Mining and Prospecting Company, at 

Caribou, Colorado. The first test was held at a depth of 220 feet, 

where, by means of a loop, a strong and clear reception was ob- 

tained of a musical concert given at Denver, 50 miles distant. 

The evidence pointed strongly to the conclusion that this clear 

reception was due to the penetration by the radio waves of the 

Solid rock strata, although there was a remote possibility that 

the reception was obtained through shafts and crosscuts, toward 

which, however, the loop did not point. The nearest metal con- 

ductors, iron rails, were 66 feet away. 


? A resumé of these tests appeared in the Jour. A.I.E.E., November, 
1927. See also Technical Papers 434, pages 37-40, Dept. of Commerce, 
Bureau of Mines, Washington, D. C., U.S.A. 
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The next series of experiments was conducted at a depth ot 
550 feet, when “mushy” reception was obtained from Denver. 
This type of reception was, however, as good as could be obtained 
above ground ut the time of making the test, the night being 
unfavorable for general radio reception. This series of tests was 
conducted at the end of a cross-cut reached with many turns, and 
200 feet from the main shaft. A pipe came down the shaft and 
followed the tunnel up to 80 feet from the point of observation. 

In previous experiments conducted by the Bureau of Mines 
at its Experimental Mine near Pittsburgh, Pa., it was at first con- 
cluded that radiation and induction would penetrate rock for 
considerable depths. Subsequent investigations have shown that 
in every case the transference of radiation was by some conduc- 
tors in the mine, electric wires, pipes or rails, all of which abound 
in modern mines. 

It is felt that further investigations should include a com- 
parison of the penetration of radio waves greater and less than a 
wavelength. 
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It is pointed out that in making these tests no attempt was 


made to assist the ear in determining the relative signal strengths. 
It is a known fact that the unaided human ear is a relatively 
The following facts in this connection 
should be kept in mind when comparing the results of the two 


poor test instrument. 


TABLE V 


411-Meter TEsTS—AÀ PRIL 14, 1928. 


Position in Meter Per Cent Signal Control Panel Per Cent Signal 
Tunnel Reading Strength (1) Reading in Strength (2) 
Current Ratios 
Dorchester 
Station 42 100 12.5 100 
Chamber 5 11 36.2 6.2 49.6 
e 10 7 16.7 2.0 16.0 
2 15 5 11.9 2.0 16.0 
T 20 2 4.75 1.25 10.0 
= 30 4.5 10.7 2.0 16.0 
ч 40 22 52.4 12.5 100 
к 45 18 42.9 0.39 3.12 
300 ft. N of 
Chamber 45 45 107.0 10.0 80 
TABLE VI 
411-Meter TEsTs—APnir 17, 1928 
| ao | (11) 
Chamber 1 3000 100 13.9 96.5 
- 5 500 18.3 13.0 90.3 
10 350 11.65 13.0 90.3 
ыў 15 80 2.67 5.0 34.7 
E 20 60 2.0 4.0 27.8 
* 25 300 10.0 6.2 43.0 
S 29 500 16.7 13.0 90.3 
м 30 800 26.7 6.2 43.0 
үк 31 600 20.0 0.8 5.55 
= 32 350 11.65 0 0 
= 35 550 18.3 3.2 22.2 
= 40 400 13.3 7.9 54.8 
* 44 500 16.7 14.4 100 
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separate series of tests. Fig. 4 is a curve taken by means of a 
Shaw fading recorder and represents the actual carrier waves 
being received at the receiving station. Particular attention 
should be paid to the curve representing the carrier wave from 
WEAF on the night of April 10th, 1928. The signal in the loud- 
speaker due to the carrier wave, and represented by the height 
from the zero line 0, to the dotted line A, was a good average 


10:20. < 945вм WZ 930PM 


signal, loud enough to be heard throughout an ordinary room. 
The signal equivalent to the peaks of the wave, while much 
stronger, did not sound loud enough to bear the proportion indi- 
cated by the relative heights of the corresponding lines. In fact, 
it is doubtfulif the human ear would notice that the signal had 
changed by morethan50 percent betweenthe point A and thepoint 
B. Again referring to the tables of results in Appendix 1, attention 
is called to column 10, Table VI. In Chamber 1 the strength 


TABLE VII 
1400-MrTER Tests, APRIL 14, 1928, 


Position in Meter Per Cent Signal | Remarks 
Tunnel Reading Strength (4) 
Dorchester 
Station 1000 ‚100 
Chamber 11 300 | 30 
ы 19 200 20 
= 31 400 40 
s 39 800 80 
TABLE VIII 


1400-METER Tests, APRIL 15, 1928. 


(7) 


Dorchester 


Station 1000 100 

Chamber 1 300 30 

= d 200 20 

s 31 400 40 

: 39 1000 100 

is 45 1500 150 
300 ft. N of 


Chamber 45 5000 500 
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of signal is represented by a meter reading of 3000 while at 
Chamber 20 this had dropped to a reading of 60. To the human 
ear this did not appear to be a change of more than 100 per ceat, 
when estimating the relative strengths of the signals coming 
from the loudspeaker. 

In judging the results of the Colorado tests from the point of 
view of the theories already advanced, it would appear that 
they seem to strengthen the impression that the energy reached 
the receiver by passing through the ground or rock. It must be 
remembered, however, that no attempt was made to measure the 
strength of the carrier wave and that the ear alone has been 
shown to be a very poor measuring instrument. The differences 
have already been enumerated. It would, therefore, be inter- 
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esting to compare the results obtained in these two tests, insofar 
as the relative thickness of the covering is concerned. According 
to the Colorado figures radio waves should penetrate earth and 
rock to a depth of at least 550 feet. In the first tunnel experiments 
it was found that 48 feet of rock were sufficient to reduce the 40- 
meter wave to zero. In the case of the 411-meter wave, which 
was approximately the wavelength used in Colorado, the signal 
was reduced to one twelfth of its maximum strength by 275 feet 
of rock. In addition to this, the curves of Fig. 3 show that the 
strength of the 411-meter wave was of a very low order from 
Chamber 11 to almost the west portal of the tunnel although 
from Chamber 28 onward the thickness of rock is steadily de- 
creasing. It is hardly fair to compare the 1300-meter results 
under Mount Royal with the Colorado tests as it is evident 
from the work already carried out that frequency has 4 very 
important bearing on the rate of attenuation in the tunnel. 
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TESTS OF APRIL, 1928 


In view of the conflicting results obtained in the preliminary 
tests it was decided to carry out a series of experiments, during 
the spring of 1928, in the Mount Royal Tunnel and to endeavor 
to settle definitely the various problems which arose as a result 
of the first work undertaken. Assuming a given strength of sig- 
nal at any point within the tunnel three problems had to be 
solved— 

(1) The percentage of the signal arriving by conduction 
through the rock. 

(2) The percentage of the signal being conducted along 
rails and cables leading into the tunnel. 


Shield 4, 


(3) The percentage of signal entering the tunnel mouth 
and being conducted as in the case of waves passing over 
the surface of the ground. 


From the description already given of the tunnel it will be 
appreciated that the separation of these three effects presented 
a difficult problem. It was not possible to take out the cables 
completely and while a section of the rail could have been re- 
moved, it is doubtful if any small section would, in itself, show 
an appreciable effect in view of the comparatively small dimen- 
sions of the tunnel and the large number of electrical conductors 
passing through it. After careful consideration it was decided to 
carry out the following three series of tests— 


(1) With all rails, wires, and power conductors as for 
normal operation of the tunnel, tests were to be made on 
four wavelengths. These wavelengths were to be located 
in the following bands— 
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(a) Short wavelength band below 100 meters. 

(b) Broadeast band. 

(c) Medium wave band between 1000 and 2000 meters. 
(d) Long-wave band above 10,000 meters. 

(2) On the second night the same series of tests were to 
be run, but steel coaches were to be placed in each end of 
the tunnel so as to block both portals as far as possible. 

(3) On the third night the same series of tests were to 
be made with the tunnel blocked and with all power, light, 


Fig. 7 


and signal cables thoroughly grounded. In addition to this 
the overhead trolley wires were to be grounded at two points, 
one at either end of the tunnel. 

It is appreciated that these tests would not constitute a com- 
plete solution of the problems, but it was hoped that they would, 
at least, indicate the general nature of the transmission. A 
wooden coach was used to carry the equipment, the standard 
pullman car aerial being used for the medium and long-wave 
results, but a special short-wave antenna was mounted inside 
the car for the short-wave signals. 

In assembling the equipment for this work it was kept in 
mind that in each case the actual strength of the carrier wave was 
to be measured. This was not possible in the case of the short- 
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wave receiver, as a field strength measuring set was not available 
for this band. In place of this a thermionic voltmeter was used 
to measure the actual voltage developed across an inductance 
coil in the output circuit. In addition to this method of measure- 
ment, an audibility meter was available so that the receiving 
set could be thrown from one to the other and check results 
rapidly obtained. For the broadcast reception a superheterodyne 
set with a loop receiver was employed, the strength of carrier 
wave being measured by the method described by Dr. С. W. 


Fig. 8 


Pickard? This scheme consists essentially of introducing an 
additional intermediate frequency transformer into the second 
detector circuit of the superheterodyne. The output from this 
transformer is rectified and measured on a sensitive galvano- 
meter. Fig. 5 shows the general principle of the method. 

In addition to these two methods of measurement for the 
short and broadcast waves, a standard Western Electrical con- 
trol panel was set up by the Canadian National Railways Radio 
Department and used with standard receivers to check the 
strength of the received signals. These results were measured in 
transmission units, and transferred to current ratios, for plotting 
in the form of curves. 


3 G. W. Pickard, Radio Broadcast, August, 1926. 
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The medium-wave signals were measured by using a thermi- 
onic voltmeter across an inductance in the detector circuit, the 
current in this inductance being proportional to the strength of 
the carrier wave. In this case the audibility meter was also 
available for purposes of checking. 

For the long wave the Canadian Marconi Company supplied 
a signal strength measuring set similar to the type used by Cap- 
tain Round during his expedition to Australia in 1922 and 1923. 
Fig. 6 is a schematic diagram of the equipment used.‘ 

Figs. 7 and 8 attached will show the set-up used in the tunnel 
tests. These figures are from photographs taken inside the car 
while the measurements were being made. Referring to Fig. 7, 
the medium wave set may be observed in the foreground on the 


TABLE IX 
1400-METER Tests, APRIL 17, 1928. 
Position in Meter Per Cent Signal | Per Cent Signal | Remarks 
Tunnel Reading Strength (12) Strength (12a) 
Dorchester 
Station 1000 100 
Chamber 1 500 100 50 
= 5 800 160 80 
T 10 800 160 80 
ы 15 150 30 15 
C 20 800 160 80 
£ 25 1000 200 100 
Ч 29 200 40 20 
Я 30 150 30 15 
a 31 200 40 20 
ж 32 800 160 80 
s 35 600 120 60 
y 40 500 | 100 50 
s 44 | 2000 | 400 200 | 


left hand side of the photograph. Immediately behind it is the 
loop and broadcast receiver while on the right of the photograph 
may be seen the Western Electric control panel and one of the 
short-wave receivers. On account of its size the Marconi field 
strength set had to be mounted in the after compartment of the 
car. 

In order to minimize the effects of fading and changes in 
power output at the transmitting station, it was decided to utilize, 
as far as possible, transmitting stations over which control could 
be exercised. Short and medium-wave signals were available from 
the Ottawa stations of The Royal Canadian Corps of Signals. 
As previously stated these stations were located about 100 miles 
from Montreal. Previous tests had shown that 55 meters was а 


_ A complete description of the method of operation will be found 
in the Jour. I.E.E., October, 1925. 
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very satisfactory wave for Montreal and this was therefore 
decided upon for these tests. The medium-wave transmission was 
on a wavelength of 1400 meters. In both of these cases the power 
output to the antenna was maintained at a constant value of 
750 watts both for the short wave and for the medium wave sig- 
nals. The broadcasting station of the Northern Electric Company 
in Montreal was secured for broadcast transmission on 411 
meters. Arrangements were made to hold the output and modu- 
lation of this station very constant. The modulation was reduced 


Tig 
| A1 43.35 Meters from 
|. WIZ. G.W.O. (5) 


eo 


|. А? 55.2 Meters from _ 
XWAB. W.AS. (8) 


Per cent signal strength 
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Fig. 9—Comparison of Signal Strengths. Short-Wave 
Tests, April 14, 1928; Tunnel Open. 


from that normally employed and was approximately 15 per cent 
during the actual tests. 

As there was no long-wave station in Canada that could be 
used for the 10,000-meter results, it was decided that one of the 
Radio Corporation stations on Long Island would be copied. 
The stations actually used for these tests were WCI on 16,700 
meters, WSS on 16,120 meters, and WQK on 16,465 meters. 
The tabulated results from these stations will be found in Appen- 
dix 1, Tables X, XI, XII, and XIII. 

The program followed for each of the three nights of the 
test was as follows; from midnight to 1 a.m. broadcast reception 
was measured. From 1:15 to 2:15 А.м. short-wave signals were 
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received. From 2:30 to 3:30 both medium-wave signals and long- 
wave signals were checked as it was possible to carry out both of 
these measurements without interfering one with the other 

In order to check possible errors due to natural fading, 
observers were stationed in and around Montreal for the purpose 
of recording the approximate strength of the various stations 
throughout the time of the test in the tunnel. Fortunately, it 
was found that there was very little natural fading during the 
three nights. As the medium and long-wave signals are not so 


TABLE X 
Lone-Wave Tests, APRIL 14, 1928. 


Position in Reading in Per Cent Signal Station and Remarks 
Tunnel Microvolta Strength (13) Wavelength 
Dorchester 
Station 233 100 WSS Power on 
Chamber 39 160 68.7 16,120 Moving North 
200 ft. N of meters 
Chamber 45 1530 656 
Dorchester (14) 
Station 
Chamber 11 600 257 WSS Power off 
s 19 435 186 16,120 Moving North 
be 31 870 373 meters 
s 39 870 373 
200 ft. N of 
Chamber 45 1530 656 
(15) 
Dorchester 
Station 1100 472 WSS Power on 
Chamber 11 600 258 16,120 Moving South 
Е 19 260 111.5 | meters 
z 31 | 2050 880 
(16) 
Dorchester 
Station 600 258 wss Power off 
Chamber 11 1300 558 | 16,120 Moving South 
f 19 1300 558 meters 
g 31 | 2500 1071 


much affected by fading as are the broadcast and short-wave 
bands, no check record was kept of the signal strengths either 
for the 1400-meter or the 16,000-meter stations. 

The following brief description of the method of preparing 
the tunnel for the tests on the second and third nights may be of 
interest. The steel cars were placed just inside the mouth of the 
tunnel where the tube has its smallest diameter. It was estimated 
that approximately 80 per cent of the area of the tunnel mouth 
was blocked by the two steel cars. The power cables were treated 
as follows, 


(a) The 110-volt a.c. lighting circuit was opened at both ends 
by means of switches, but was not grounded. 
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(b) The 2400-volt d.c. feeder was opened at the sub-station. 
From the sub-station to the tunnel mouth there is a 
feeder approximately 1000 yards long. This feeder was 
not opened at the tunnel. The 2400-volt trolley wire 
terminates in the Dorchester Street station at the East 
end of the tunnel. This trolley wire, together with the 
supporting cable, was grounded to the bonding cable 
at Chambers 5 and 43. These points were not quite at 
the two ends of the tunnel, but it was convenient to make 
a thoroughly satisfactory ground at these two points. 

(e) The 12,000-volt 3-phase power cable which supplies 
power to the sub-station and to the village of Mount 
Royal enters at the Dorchester Street Station and runs 
through the tunnel. It is carried in a duct between the 
two halves of the tunnel. This table is covered with a 
lead sheath and the lead sheath was grounded at several 
points, but the power was not cut off during any part 
of the tests. 

(d) All telegraph and signal wires are carried through the 
tunnel in lead covered cable. These wires were not opened 
at any time during the test, but the lead sheath was at 
all times thoroughly grounded in several places. 

Complete tables of the results of the April tests are shown. 

As already pointed out more than one system of measurement 
was used. In view of this difference in methods all data have 
been reduced to the basis of *Per Cent Signal Strength," taking 
as the unit the strength of signals received in the Dorchester 
station, with each different system of measurement ; that is, the 
signal received at this point was considered as a 100 per cent 
signal. The columns marked “Per Cent Signal Strength” are 
numbered fronr 1 to 21 inclusive, and the same numbers will 
be found on the curve sheets attached. Tables I to IV, inclusive, 
cover the short-wave tests, Tables V and VI the broadcast 
tests, Tables VII to IX, inclusive, are for the 1400-meter signals, 
and Tables X to XIII, inclusive, are the long-wave results. Thir- 
teen curve sheets, Figs. 9 to 21, have been drawn based on these 
tables. In these curves, 

A represents short-wave results, 

B broadcast or 411 meters, 

C 1400 meters, 

D 17000-meter readings. 
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TABLE XI 
Lona-Wave Tests, Арп, 15, 1928. 
Position in Reading in Per Cent Signal Station and Remarks 
Tunnel Microvolts Strength (17) Wavelength 
Dorchester 
Station 325 100 wCI Power on 
Chamber 1 163 50 16,700 Moving South 
ы 11 455 140 meters 
+ 19 130 40 
„ч 31 490 151 
? 39 130 | 40 
? 45 360 111 
300 ft. N of 
Chamber 45 1170 360 
(18) 
Dorchester 
Station 500 154 WCI Power off 
Chamber 1 910 280 16,700 Moving South 
е 11 1170 360 meters 
е 19 780 240 
< 31 780 240 
e 39 780 240 
f 45 1050 323 
300ft. Nof | 
Chamber 45 | 1170 360 
TABLE XII 
Lone-Wave Tests, APRIL 16, 1928, 
(19) 
Chamber 1 65 100 WCI Power off 
в 11 160 246 16,700 Going North 
а 19 130] Sab 200 meters 
“ 31 0 ae 800 
“ 39 Gare ay 100 
= 45 110 169.5 
TABLE XIII 
Lonc-Wavs Tests, APRIL 17, 1928. 
| 
Position in Readings in Per Cent Signal Station and Remarks 
Tunnel Microvolts Strength (20) Wavelength 
Chamber 1 130 100 WCI Tunnei 
$ 5 32 24.6 16,700 blocked 
* 10 0 0 meters cables 
g 15 1170 900 grounded. 
a 20 780 600 
AÀ 25 1800 1382 
T 29 1800 1382 
9 30 2000 1540 
ы 31 2000 1540 
т 32 1800 1382 
а 35 {50 424 
а 40 1170 900 
s 44 910 700 
21 
Chamber 1 65 $ R ок Tunnel 
“ 5 30 23.1 16,465 blocked 
s 10 65 50 meters cables 
H 15 540 415 grounded. 
E 20 230 177 
d 25 540 415 
4 29 780 600 
4 30 980 754 
а 31 980 754 
© 32 780 600 
ч 35 260 200 
н 40 260 200 
hs 44 160 123 
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Discussion or RESULTS ОЕ 1928 TESTS 
The results obtained in the above mentioned tests can most 
easily be studied by means of the curve sheets mentioned above. 


| 
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Fig. 10—Comparison of Signal Strengths. 
42.5-meter Tests, April 14-15, 1928. 


Fig. 9 is a preliminary comparison of the short-wave results 
on 43 and 55 meters. Curve Al was taken by means of the con- 
trol panel and Curve A2 by the vacuum-tube voltmeter. Atten- 
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Fig. 11—Comparison of Signal Strengths. 
55-meter Tests, April 14-15, 1928. 


tion is called to the peculiar jump which occurred in both curves 
at Chamber 44, that is, 400 ft. inside the west portal. This 
station was immediately under the C.P.R. tracks. It is rather 
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interesting to note that both waves aet similarly and that 
both disappear at approximately the same point, although the 
signals were from stations located at widely distant points and 
varying greatly in power output. It might, therefore, be assumed 
that the attenuation on all waves below some certain frequency 
was approximately the same. 

Figs. 10 and 11 have been drawn to show the effect on the 
short wave of screening the tunnel mouth by means of steel cars. 
In Fig. 10, it would appear from the 43-meter results that the 
screening had produced a decided decrease in strength. Fig. 11 
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Fig. 12—Comparison of Signal Strengths. 
411-meter Tests, April 14, 1928. 
would seem to contradict this statement. There is at present no 
satisfactory explanation for this difference unless it may be ac- 
counted for by experimental error and the fact that the decrease 
in strength on the short wave is very rapid. The records at the 
transmitting station indicate that there was no appreciable 
change in power output during these tests. 

Fig. 12, has been drawn for the broadcast band to show that 
while the results of different methods of measurement may vary 
slightly numerically, the nature of the effect is the same in all 
cases. Curve B1 was taken using the loop and superheterodyne 
and is a measurement of the actual carrier wave strength. 
Curve B2 was taken using the Western Electric control panel and 
is, therefore, more nearly a measure of the audio output of the 
receiving set. From Figs. 9 to 12 it may, therefore, be assumed 


368 Eve, Steel, Olive, McEwan, and Thompson: Reception Experiments 


that the general comparison of results of different methods of 
measurements is justifiable. 

Fig. 13 is plotted for the broadcast band and brings out 
markedly the loss in signal strength due to blocking the tunnel 
and grounding the cables. The effects plotted here are the com- 
bined effects of the two actions. This was unavoidable due to the 
fact that it was impossible to make a 411-meter test on the 15th 
when only the blocking of the tunnel was being carried out. 
Attention is called to the sudden jump in Curve B2 at Chamber 
30. This will be commented on later when dealing with the effect 
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Fig. 13—Comparison of Signal Strengths. 411-meter 
Tests, April 14 and 17, 1928. 


of the ventilation shaft at Maplewood Avenue. Figs. 13 and 14 
are essentially the same, the only difference being that in Fig. 13 
the actual deflection was taken as the ordinate, while in Fig. 14 
the ordinate is the per cent signal strength. Curve B2 is the same 
in Figs. 13 and 14, but in Fig. 14 it is plotted from the audibility 
meter reading instead of the thermionie voltmeter reading. 

An examination of the profile of the tunnel will show that the 
Maplewood Avenue ventilation shaft enters at about Chamber 
30. This is the point at which the sudden jump occurs in the 
eurves representing the results for the blocking of the tunnel 
and the grounding of the cables. It would, therefore, appear 
that sufficient signal comes in via this shaft to boost the curve 
very appreciably. This is a very interesting point as the shaft is 
only 30 ft. square and almost 300 ft. long. This fact considerably 
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strengthens the theory that the signals enter the tunnel via the 
mouth rather than through the rock. The same effect will be 
noticed in the case of the long-wave results in Figs. 16, 17, 
and 18. In the case of the 1400-meter signals, Fig. 15, Curve C3, 
there would appear to be some additional action effecting the 
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Fig. 14—Comparison of Signal Strengths. 
411-meter Tests, April 14-17, 1928. 


results. It is assumed that this is due to the loop action of the 
grounded cables and will be referred to in more detail when 
considering the long-wave results. It should be observed that the 
effect of the Maplewood shaft is only apparent when both 
screening and grounding are being employed. This is to be ex- 
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Fig. 15—Comparison of Signal Strengths. 1400-meter 
Tests, April 14, 15, 17, 1928. 


pected as under ordinary conditions the signals enter through 
the main tunnel more readily than through the vertical shaft. 
While studying the results of the tests, a suggestion was made 
that pipes, ladders, or steel work in the ventilation shaft might 
account for the conduction of signals down the shaft. At our 
request, а very careful search was made by Mr. Price, the elec- 
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trical superintendent of the Mount Royal Tunnel, and he reports 
that there are no pipes, wires, hoist guides, or cables in the shaft, 
and in fact, no metallic substances of any nature of sufficient 
size to be worth considering. 

Fig. 17 has been drawn from the long-wave results and demon- 
strates that the effect of the air shaft is similar in the case of the 
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Fig. 16—WCI—17,000-meter Tests, April 16, 1928. 


two long-wave stations used in the tests, although they have 
different output characteristics and different wavelengths. It 
would appear from the curves of Fig. 17 that the system of 
signal strength measurement used by the Marconi Company 
for the long-wave results was very reliable. 
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17,000-meter Tests, April 17, 1928. 


The relative effects of screening the tunnel and grounding 
the cables for long waves can readily be studied from Fig. 18. 
With the exception of Curve D3, the results are very consistent. 
In this curve the jump due to the air shaft is very marked. 
Attention is also called to the second peak at Chamber 15. 
This is a further evidence of the loop action to be discussed later. 
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In order to obtain a comparison on one sheet of the relative 
effects for all frequencies, Figs. 19, 20, and 21 have been drawn. 
Fig. 19 compares the results with the tunnel open, Fig. 20 
shows the signal strengths with only the blocking in place in the 
tunnel mouth, while Fig. 21 shows the total effect of blocking and 
screening being carried out together. 

It has already been mentioned that the 2400-volt power feeder 
was alive during part of the test. As a matter of experiment, the 
power was cut off on several occasions and it was discovered 
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Fig. 18—Comparison of Signal Strengths. 17,000-meter 

Tests, April 14, 15, 17, 1928. 


that there was a marked difference in signal strength with the 
power off, on certain frequencies. On the short waves there was 
practically no effect between power on and power off. On the 
broadeast wave the ratio of signal to noise was much better when 
the power was off. This, of course, was to be expected. On the 
1400-meter and 17000-meter waves the signal strength actually 
seemed to be greater with the power off. This may be observed 
by comparing columns 13 and 14, 15 and 16, and 17 and 18, 
of Tables X and XI. 

Referring again to Figs. 19, 20, and 21, with the tunnel open 
the per cent signal seems to be a direct function of the frequency, 
with the weakest signal in the case of each wavelength occurring 
at the center or about Chamber 20. The profile of the tunnel 
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shows that this chamber is just about midway between the two 
highest points of the mountain. With the tunnel blocked the same 
relative effects occur but the long-wave signals reach their mini- 
mum at a different point from the 1400-meter signals. Fig. 21 
has been drawn for both blocking and grounding Эп this sheet 
the 55-meter signals have been omitted for reasons already stated. 
The effect of the air shaft is clearly indicated. There is, however, 
evidence of a further effect. It will be observed that in both the 
1400-meter and the 17000-meter curves, peaks occur at regular 
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Fig. 19—Comparison of Signal Strengths, 
April 14, 1928. Tunnel Open. 


intervals. These are not observable when the cables and trolley 
wires are ungrounded. It will be remembered that the grounding 
was carried out at Chambers 5 and 43, or approximately at the 
two ends of the tunnel. It would appear as if the grounding of 
the overhead trolley and eables had turned *he system into a 
huge loop. It is rather difficult to calculate the characteristics of 
this loop on account of the nature of the construction. The 
messenger cable supporting the trolley wires is itself grounded. 
This brings the actual ground connection into close proximity 
with the overhead wires. There is, however, a 250,000 circular mil 
cable used to ground the tracks and this would, of course, con- 
stitute the other side of the loop. Whatever the characteristics 
of such a loop, it is quite conceivable that in a loop of this length, 
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(approximately 3 miles) nodes and loops would oceur for the 
different frequencies. From the curves it would appear that there 
were about twice as many loops for the 1400-meter signals as for 
the 17000-meter signals. 

In connection with the long-wave signals it will be im- 
mediately evident that there is a very great difference between 
the results in the Dorchester station and those in the vicinity 
of the west portal. This would hardly be expected when itis 
considered that the Dorchester station is practically in the open 
at the east end of the tunnel, whereas the signals pass completely 
over or through the mountain to reach the vicinity of the west 
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portal. It is suggested that the action indicated in Tables X 
to XIII, and in the corresponding curve sheets, Figs. 18 to 21, 
is due to a wave-antenna effect. In other words, the overhead 
trolley wires which are open at the east end are acting as a 
Beveridge antenna with the east or open end pointing in the 
general direction of the transmitting station. If this assumption 
is correct the maximum effect will then oecur when the receiving 
set is located at the west end of the feeder. It will, therefore, be 
seen that the results obtained fit in with the suggested theory. 
This effect would not be so noticeable on the 1400-meter signals 
since the transmitting station is located in a westerly direetion 
from Montreal. 

In this diseussion little has been said by way of explanation 
of the peculiar jumps occurring in the curves in the vicinity of 
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Chambers 40 to 45. It is quite likely that these effects are in 
some measure due to reradiation from the numerous telegraph, 
telephone, and power wires which run along the C.P.R. tracks 
above this section of the tunnel. This would not explain all the 
effects observed, but must be given some consideration as the 
various lines extend for considerable distances across country. 
Attention is called to a further fact observed during the 
broadcast reception. It will be remembered that a loop was used 
for these signals and it was found that upon entering the tunnel 
the loop had to be turned parallel with the axis of the tunnel in 
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Fig. 21—Comparison of Signal Strengths, April_17, 1928. 
Tunnel Blocked, Cables Grounded. 


order to obtain the maximum signal strength. Whether this 
indicates that the transmission was coming along the wires 
or was merely being confined to a general path by the walls of 
the tunnel, is difficult to state with any certainty. 


CONCLUSION 


The results considered above are very far from being con- 
clusive, but time did not permit of further tests being made. 
From a consideration of the curves already discussed, it would 
seem that the following general conclusions might be drawn, 


(1) The penetration of any wave into the tunnel is some 
definite function of the frequency of the wave. 

(2) Waves below 100 meters do not penetrate rock or soil 
to any appreciable extent. 
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(3) Cables and rails do not conduct the shorter waves and 
broadcast waves to the same extent that they do long 
waves, although their effect оп the broadcast band is 
appreciable. 

(4) Wires and cables when ungrounded appear to act as 
wave antennas. When grounded they act as loops 
depending, of course, on the methods employed in 
carrying out the grounding. 

(5) Much more energy appears to enter via the tunnel 
mouth than was at first suspected. This is indicated 
by the effect of the air shaft already discussed. 


Dr. A. S. Eve, one of the co-workers in these experiments, 
has made the following comment, 
The most noteworthy point in the experiments is the fact 
that the short-wave signals (40 to 55 meters) did not penetraie 
well or far into the tunnel through any of the three possible chan- 


nels: 
(1) through rock 


(2) through mouths and shaft 
(3) along conductors. 

The longer waves probably entered by all three methoda, 
and Major Steel, who has prepared this report, is disposed from 
the evidence to attach considerable weight to the admission by 
air. If he is correct in this view there are interesting questions 
which arise connected with the nature of radio waves. Can they 
enter horizontal tunnels and also descend vertical shafts? Nor 
isit clear why theshort waves should fail to go far into the mouth, 
while the long waves seem to penetrate the whole length of the 
tunnel. 

SUGGESTIONS For FURTHER WORK 


It would seem desirable to carry out further tests at some 
point where a tunnel exists without wires and rails leading into 
it. This may be difficult or, perhaps, impossible to carry out, 
but further experiments in the Mount Royal Tunnel would 
hardly seem advisable in view of the tremendous expense in- 
volved in completely screening or blocking the openings. 

In future tests arrangements should be made to measure 
actual field strengths in microvolts per meter, some standard 
form of antenna being adopted for each particular wave. For 
the waves below 17000 meters it seems advisable to use а well 
constructed loop antenna. 

In conclusion the writers wish to express their appreciation 
for the very great assistance given them by the President, Sir 
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Henry Thornton, and by all the officials of the Canadian National 
Railways System with whom we came in contact. We particu- 
larly wish to mention the following: Mr. R. C. Johnson, Superin- 
tendent, Canadian National Railways; Mr. C. P. Price, Electrical 
Superintendent, Canadian National Railways; Mr. W. Walker, 
District Engineer, Canadian National Railways. 

Dr. D. A. Keys and Dr. E.S. Bieler, of the Physics Depart- 
ment, McGill University, have been particularly helpful both 
in the preliminary tests and in the discussions on the results 
obtained. Great eredit is also due to Mr. Rushbrook of the Cana- 
dian Marconi Company for his assistance in making the tests, 
and to the officials of the Department of National Defence for 
permission to use much of the apparatus required for the 
experiments. 
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A NOTE ON THE DIRECTIONAL OBSERVATIONS ON 
GRINDERS IN JAPAN* 


By 
Erraro Yokoyama AND Tomozo NAKAI, 


(Electrotechnical Laboratory, Ministry of Communications, Tokyo, Japan) 


paper entitled “The Directional Observations on Atmos- 
pherics in Japan” was presented by the authors, and the 
following conclusions had been arrived at by the series of obser- 
vations. 
(1) No appreciable change had been found in the observed 
directions of atmospherics by the variation of wavelengths 
which lie between 10,000 and 20,000 meters. 
(2) On the diurnal observations from 7 a.m. to 9 p.m. no 
appreciable regular change had been noticeable in the observed 
directions of atmospherics by the time of day. Though some 
expected variations had, in general, been noticed at sunrise, 
sunset, and night times, they had not been so remarkable as 
in the case of signal observations. 
(3) The directions of clicks had been obviously different from 
those of grinders, which seems to indicate that the seat of 
clicks differs from those of grinders. 


B» the General Assembly of the U. К. S. I., 1927, a 


= 


JAPAN CENTRAL STANDARD TIME 


Fig. 1—February 17-18, 1928. 
х = 10,000 m. 


DIRECTIONS MEASURED 
CRCKWISE FROM THE 
TRUE NORTH IN DEGREES 


(4) The diurnal variation had been much greater in the direc- 
tions of clicks than in those of grinders. This seems to indicate 
that the seat of clicks lies nearer to the observed region 
than those of grinders, if the seats of both kinds of atmospher- 
ics might be assumed to have nearly equal areas. Judged from 
* Dewey decimal classification: R114. Original manuscript re- 


ceived by the Institute, September 7, 1928. Presented before the General 
Assembly of U.R.S.I., Brussels, Belgium, September, 1928. 
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the great differences in the intensities, as well as in the nature 

of tones of clicks and grinders, this assumption may be consi- 

dered to be probable. 

(5) The directions of clicks had shifted from nearly South 

toward West as the season advanced from winter to summer, 

while those of grinders had remained unchanged. 

(6) In summer, the clicks, which seem to originate from the 

mountain regions of Japan, seem to be most prevalent, while 

grinders probably come always from a tropical region such as 
the Dutch East-Indies. 

Those were the results obtained from the observations over a 
period from February to July, 1927. The experiments were fur- 
ther continued and it was recognized that the same conclusions 
still hold good except in the night observations of grinders. 

During the experiments, ten times of 24-hour observations 
were made covering all the seasons of the year. Though no other 
particular phenomena were noticed in the observations on clicks, 
it was remarkably found in those on grinders, on the contrary, 
that the directive property became indistinetive or disappeared 
at night. One example of directional variations (wavelength 
10,000 meters) is shown in Fig. 1 in which the zig-zag lines indi- 
cate the durations of directivity fading, and in Fig. 2 which illus- 
trates the change in the broadness of directivity in the same obser- 
vation as shown in Fig. 1. In other 24-hour observations, the 
general tendencies of the variations were quite similar, though 
the times at both extremities of the fading bands of directivity 
shifted by a few hours according to the dates. 

It is in general believed that the origins of long-wave atmos- 
pherics, as received in both England and the United States, are 
mainly in the lands situated in the Tropical Zone. ^: ?. 3 The 
grinders as received in Japan had also been indicated by the 
authors to be of a tropical origin such as the Dutch East-Indies. 
Taking the above into consideration and the daily movement of 
the illuminated and the darkened hemispheres into account 
the atmospheries originating at the tropical region in America 
seem very probable to be received in Japan as grinders early 


1 Lloyd Espenschied, C. N. Anderson, and Austin Bailey, “Transat- 
lantic Radio Telephone Transmission," Proc. I. R. E., 14, 7; February, 1926. 

2 R. A. Watson Watt, “The Directional Recording of Atmospherics, " 
Jour. I.E.E., 64, p. 596; May, 1926. 

3L. W. Austin, “Direction Determinations of Atmospheric Dis- 
turbances on the Isthmus of Panama,” Proc. I.R.E., 14, 373; June, 1926. 
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at night and those in Africa late at night, while those in the 
Dutch East-Indies may be received for all the time of day and 
night. Thus the grinders coming from other parts than the Dutch 
East-Indies seem to have made them apparently non-directive at 
night, because the unidirectional combination of antennas was 
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Fig. zeros 17-18, 1928. 
»=10,000 m. 


not tried, a single loop being used as wave picking-up device in 
the observations. The observations are now still in progress, and 
it is expected that the phenomenon will be brought into light 
more definitely later on. 

Acknowledgment is due to C. Asakawa and T. Takei of this 
aboratory for their assistance during the observations. 
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ON THE BEHAVIOR OF NETWORKS WITH 
“NORMALIZED” MESHES* 


By 
E. A. GUILLEMIN AND W. GLENDINNING 


(Department of Electrical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts) 


Summary—The theory of normalizing meshes in electrical networks, 
as outlined in a recent article appearing in this journal, is verified and 
illustrated by examples and figures: relating to two- and three-mesh circuits. 
In the two-mesh circuit mesh No. 1 was normalized, thus confining the 
corresponding frequency to that mesh both for the transient and steady states 
as illustrated by Figs. 2 to 6 inclusive. For the three-mesh circuit meshes 
Nos. 1 and 8 were normalized, and the results are illustrated by Figs. 6 to 16 
inclusive. In each case the theory was checked in every detail. 


N a recent issue of this journal! the mathematical theory 

concerning the interpretation of normal co-ordinates in 

dynamie systems as related to the electrical network was set 
forth in its more fundamental character, the stress being laid 
upon the analogy between a mechanical system of coupled mass 
points and its electrical network equivalent. At that time the 
interest lay chiefly in a deeper inquiry into this analogy which is 
so complete from the mathematical standpoint and yet so in- 
tangible from the physical angle. 

The reason why such an investigation should present an 
unusual element of interest is due to the mechanical viewpoint 
rather than the electrieal. For, in the mechanical system, the 
existence of so-called normal co-ordinates can easily be visualized, 
and these are known to possess distinct peculiarities; namely, of 
containing only one of the natural frequencies of the system. 
The projection of the oscillation of any mass point upon this 
particular direction in space will be simple harmonic, damped or 
undamped depending upon the presence or absence of frictional 
forces. This particular natural frequency is isolated in its cor- 
responding normal co-ordinate in that it cannot be fed over into 
any other direction which is normal to it, or be brought into 
action unless the actuating force has a component in the direction 
of this normal co-ordinate. 

* Dewey decimal classification: 621.319.2 Original manuscript re- 
ceived by the Institute, October 10, 1928. 

! E. A. Guillemin. “Making Normal Co-ordinates Coincide with the 
Meshes of an Electrical Network,” Proc. I. R. E., 15,935; November, 
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In pursuing the analogy between the mechanical and electrical 
systems it was soon recognized that the counterpart of a physical 
dimension or direction (co-ordinate) is a mesh in the equivalent 
electrical system. The question then immediately arose as to 
whether it would be possible in the electrical system to make a 
mesh correspond to what we recognize mathematically as being 
a normal co-ordinate, just as it is possible in the mechanical 
problem to orient our arbitrarily chosen reference axes so that 
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Fig. 1—Arrangement of Constants Used in Two-Mesh Cireuit. 


one of them will coincide with a normal direction. For, granting 
that this could be done, we should thus gain a means of isolating 
or confining one of the natural frequencies of the electrical net- 
work to that mesh. We should thus obtain a singular network 
which would show a distinctly different behavior, both in the 
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Fig. 2— Two-Mesh Circuit. Voltage in Mesh No. 1, 
Voltage Held Constant at 50. 
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transient and steady states, from that of the ordinary network 
having the same number of natural frequencies. Certain transient 
frequencies would be absent in some of the meshes, or would not 
appear at all, depending upon the location of the disturbing 
force. Furthermore, since resonance phenomena depend upon 
coincidence between natural and impressed frequencies, the 
network would exhibit isolation properties with regard to 
resonance peaks in the steady state. 

These and similar considerations made the investigation 
seem worth while from the practical standpoint, even though the 
problem was basically purely of mathematieal interest. 
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Fig. 3—T wo-Mesh Circuit. Voltage in Mesh No. 2, Voltage 
Held Constant at 22.5. 


It was for the purpose of providing concrete illustrations 
that an experimental investigation, of whieh the present paper 
is a report, was undertaken; and it is the hope of the writers that 
the following may prove interesting to those who have occasion 
to work with more intricate networks both theoretically and 
experimentally. For the fundamental theory as well as the 
notation used here we refer the reader to the paper already 
mentioned. 

The first and simplest illustration will be given by the two- 
mesh circuit shown in Fig. 1. Each mesh eontains independent 
inductance, resistance, and capacitance, and the two meshes are 
coupled by means of these three elements. Actually the common 
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inductance shown іп the center branch was a simple self-in- 
ductance of the air-core type, but it should be recognized that 
this might equally as well have been partly or wholly in the form 
of mutual inductance between two windings in proximity to 
each other, since mutual and self-inductance play exactly the 
same role both physically and mathematically. 


Fig. Pip cote carpe for Two-Mesh Circuit. Voltage in Mesh 1, Current 

n Mesh 1. Mesh 1 having been made a normal coordinate, the curve 

shodla be a damped double frequency. The beat shows this clearly. 
60-cycle timing wave. 


In this circuit the following constants were used: 
№. =0.255 henries 
с = 3.045 X 104 darafs 
pu = 9.54 ohms 


— № = 0.110 henries 
— 915 = 1.314 X 10‘ darafs 
pw = 4.12 ohms 


№ = 0.285 henries 
023 — 4.714 X 10* darafs 
ро = 7.24 ohms 


The system of differential equations for the case of no impressed 
forces becomes: 


Mo dx, d?» 
ae ТК ; one ae bon 2 toute =0 


d?z 
№: +p: PEL +22 — чм. 


dt? 
а= faa and n= foa. 


where: 
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Assuming the solutions: 


z;— Үер and х= Yee"! 
$ 


we get: 
bu Yi; БҮ = 0 


БҮ, + У = 0 
with: 
bu =0.255p?+9.54p+3.045 x 104 
bie = bo = —0. 110p?—4. 12p—1 .314X 104 


boo =0.285p?+7.24p+4.714X 104. 
From inspection we see that: 
ba 
—=a=—0.432. 
1i 


The value of o is insignificant. The fact that such a relation exists 
is the necessary and sufficient condition for making mesh No. 1 


Fig. 5—Oscillogram for Two-Mesh Circuit. Voltage in Mesh 1, Current 
in Mesh 2. Note that this is a damped single frequency. 60-cycle 
timing wave. 


a normal co-ordinate. This is clear from the fact that the deter- 
minantal equation for this case becomes: 
bu x bis 


bar boz 


ba abu 


= Боо — с?р, =0 


aby bos 
Or: 

D = bir (bo2 — obi) =0, 
from which: 

bi 20; or (ba — 711) -00. 


The first of these determines that frequency which is confined to 
mesh No. 1. We shall call it the normalized frequency. The second 
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of the above equations gives us that frequency which is not 
confined but still common to both meshes. We shall call it the 
system frequency. 

Substituting numerical values, we get for the equation which 
determines the normalized frequency: 


0.255p?--9.54p--3.045x 104=0 


Since the circuit is highly oscillatory, the frequency is given very 
nearly by neglecting the resistance term (linear term in p). We 
have: 
0.255p?+3 .045 x 104=0 
or: 
p= +]345 = +]2л/, 
so that the normalized frequency becomes: 
f =55 cycles per second. 


In exactly the same way the system frequency is found to be 
66.3 cycles per second. It should be borne in mind that although 
the above procedure of neglecting the resistance term is suffi- 
ciently accurate for the determination of the frequencies and a 
consequent discussion of steady-state phenomena, the damping 
constant which depends directly upon the resistance term be- 
comes of vital importance in the consideration of transient 
phenomena. Since these facts are, however, well known in circuit 
theory, we shall not dwell upon them here. 

In the actual experiment, the desired frequencies were chosen 
first and the constants of the circuit as well as the value of a 
adjusted so as to meet the available values of inductance and 
capacitance in the laboratory. Hence the odd figures given above. 
This method of reversing the calculations, which is essential in 
every problem of design, is given in a thesis? report filed in the 
library of the Massachusetts Institute of Technology and will 
not be reproduced here. We prefer rather to show the experi- 
mental results and give a discussion of them in the light of the 
theory upon which they are based. 

Let us review the situation once more and see what results 
we should expect to obtain. We have made mesh No. 1 a normal 
co-ordinate to the frequency of 55 cycles per second. The 
remaining system frequency is 66.3 cycles per second. This 


2 “Experimental Verification of Theories Concerning Normalized 
Meshes in Electrical Networks,” M. I. T. thesis, 1928, by W. Glendinning. 
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means that the frequency 55 is confined to mesh No. 1, but that 
the frequency 66.3 is still common to both meshes. If we impress 
an alternator in mesh No. 1 and vary the frequency over a range 
covering the above values, then the current in mesh No. 1 will 
show a peak for 55 cycles and another for 66.3 cycles. The current 
in mesh No. 2 will show a peak only for 66.3 cycles. It cannot 
show a peak for 55 cycles because this frequency is no longer a 
natural frequency to that mesh but is confined entirely to mesh 


Fig. 6—Oscillogram for Two-Mesh Circuit. Voltage in Mesh 2, Current 
in Mesh 2. Note that this is a damped single frequency. 60-cycle 
timing wave. 

No. 1. On the other hand, if we impress an alternator in mesh 
No. 2 and vary the frequency over the same range, we shall find 
that the currents in both meshes show peaks only at the system 
frequency of 66.3 cycles. The resonance peak corresponding to 
the normalized frequency of 55 cycles is suppressed even in the 
normal mesh (mesh No. 1)! This rather striking phenomenon 
is due to the fact already mentioned that the normalized fre- 
quency is so completely isolated within the corresponding 
normal mesh that it cannot be brought into action unless the 
actuating force is impressed in that mesh. 


A-0145 A-0175 о - 464110! ds 


A=0.110 “014 


e «2525 x10* 


© -1314x10* 70561 x 10* 


9 21731 x 10* 


"P0 P «312 Р-=124 
Fig. 7—Arrangement of Constants for Three-Mesh Circuit. 


As to the transients that we have to expect we can predict 
that if we suddenly impress a constant emf in either mesh and 
take an oscillogram of the resulting current in the other mesh, 
then we should find that the result is a simple damped harmonic 
of system frequency. The same is true of the current in the 
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non-normal mesh (mesh No. 2) with the emf impressed in No.2. 
However, if we examine the current in mesh No. 1 with the emf 
impressed there, then we shall find a superposition of two damped 
frequencies—the normalized and the system frequencies. 

Figs. 2 and 3 show the experimental results of the steady-state 
conditions, and bear out the theory in every detail. 

For the transient results given by the oscillogram Figs. 4, 5, 
and 6, the roman II designates the two-mesh circuit, while the 
11, 12, and 22 indicate that current is measured in mesh No. 1 
with voltage in No. 1, or current measured in No. 1 with voltage 


Current in amperés 


55 & 65 70 15 80 
Frequency In cycles per sec. 


Fig. 8—Three-Mesh Circuit. Voltage in Mesh No. 1, 
Voltage Held Constant at 40. 
in No. 2 or vice versa, or current measured in No. 2 with voltage 
in No. 2. With this in mind the figures need no further ex- 
planatory note. The same system of notation will be extended 
to the three-mesh circuit to be discussed later. 

Close inspection of Figs. 4, 5, and 6 will show that the one 
designated 11 is the only one which contains two frequencies 
superimposed as may be detected from the beat. The other two 
are simple damped sinusoids. 

A second study was made, using the three-mesh circuit shown 
in Fig. 7 with the constants so chosen that meshes Nos. 1 and 3 
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become normal co-ordinates. The values of the constants were 
fixed as follows: 


^1 = 0.255 henries 
рп — 9.54 ohms 
on = 3.045 X 10* darafs 


—)2— 0.110 henries 


— рә = 4.12 ohms 
—90315— 1.314 X 10* darafs 
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55 60 65 70 75 80 
Frequency in cycles per sec. ` 
Fig. 9—Three-Mesh Circuit. Voltage in Mesh No. 2, 
Voltage Held Constant at 40. 


№ = 0.429 henries 
ро = 12.67 ohms 
035 — 8.479 X 104 darafs 


— a = 0.144 henries 
— роз = 5.43 ohms 
— 003 = 2.525 X 10* darafs 


X33 = 0.176 henries 
p33 = 6.67 ohms 
033 — 3.086 Ж 104 darafs 


Guillemin and Glendinning: Behavior of Networks 389 


Thus we obtained for the three-mesh circuit: 
by, =0.255p?+9.54p+3.045 X 10! 
bis = —0.110p? — 4.12p — 1.314 X10! 
bos =0.429p?+ 12.67p+8.479 X 10* 
bes = —0.144p?—5.43p — 2.525 X 104 
Ыз = 0.176p?+6.67p+3.086 x 10+. 
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55 60 70 
Frequency in cycles per sec. 
Fig. 10— Three-Mesh Circuit. Voltage in Mesh No. 3, 
Voltage Held Constant at 40. 
Here we see that: 


b b 
—=a=—0.432; and i= —0.818. 


1 33 
Again the numerical values of а and £8 are not significant. The 
fact that the same ratio exists between inductance, resistance, 
and capacitance, is the necessary condition for making a mesh 
a normal co-ordinate. Here we have made meshes Nos. 1 and 3 
normal co-ordinates. 
The determinantal equation for this case becomes: 


bu abu 0 
D(p) = aby, baz Bb3; =0 
0 Bbss bss 
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or: 
bibas (bo; — B?b33 — а?) =0, 


which is factorable into: 

bi=0; b33=0; (6—8 —а%1) =0. 
The fact that bıı and бз; сап be factored out in this way shows 
that meshes Nos. 1 and 3 are normal co-ordinates. The cor- 


responding normal frequencies are given by the roots of the first 
two of the above equations. Incidentally this process of making 


Fig. 11—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 1, Cur- 
rent in Mesh 1. Note that this is a damped double frequency as can 
be seen from the beat. 60-cycle timing wave. 

meshes correspond to normal co-ordinates makes it easy to solve 

for the roots or natural frequencies. Ordinarily the three-mesh 

circuit discussed here would lead to a sixth-degree equation with 
three pairs of conjugate complex roots. This is true in our case 
also, but the equation is factorable into three quadratics which 


Fig 12—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 1, Current 
in Mesh 2. Note that this is a damped single frequency. The normal 
frequency of mesh 1 is suppressed and does not appear in mesh 2. 
60-cycle timing wave. 

may be solved by the simple formula. The investigation of net- 

works with normalized meshes thus becomes much simpler than 

it is for ordinary networks. Also the evaluation of integration 
constants or transient current amplitudes by Heaviside’s formula 
becomes very simple; but we cannot go into that here. 
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We find by solving the three quadratics given above that the 
normalized frequency belonging to mesh No. 1 is 55 cycles per 
second, that belonging to mesh No. 3 is 66.7 cycles per second, 
and that the remaining frequency is 75 cycles. 

Here, as in the case of the two-mesh circuit, the values of 
frequency were chosen to start with and the constants as well 
as values of a and 8 adjusted to meet the available values. For 
this process of adjustment or “design calculation” we again 
refer to the thesis already mentioned above. 


Fig. 13—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 1, Cur- 
rent in Mesh 3. Note that this is a damped single frequency. The 
normal frequency of mesh | is confined to that mesh. 60-cycle timing 
wave. 


Let us now see what we should expect in the way of transient 
and steady-state results for this three-mesh network with meshes 
Nos. 1 and 3 normalized. Suppose we impress an alternator in 
mesh No. 1 and—keeping the voltage constant—vary the fre- 
quency so as to cover from 55 to 75 cycles per second. We should 


Fig. 14—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 2, Current 
in Mesh 2. Note that this is a damped single frequency. Mesh 2 is 
a non-normal mesh and only the system frequency will appear. The 
normal frequencies of meshes 1 and 2 do not come into action. 60- 
cycle timing wave. 


expect the current in mesh No. 1 to show a peak at 55 eycles— 
its normal frequency—and another peak at 75 cycles—the system 
frequency. No peak should occur at 66.7 cycles because this is the 
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frequency which is isolated in mesh No. 3. For the current in 
mesh No. 2 we should expect only one peak at 75 cycles, and for 
the current in mesh No. 3 we should expect only one peak also 
at 75 cycles. We do ло! get a peak for 66.7 cycles—the normalized 
frequency for mesh No. 3—because the driving force is not in 
that mesh but is located in mesh No. 1. This is a very interesting 
fact; namely, that a response to a normalized frequency can be 
brought about only by applying the emf in that mesh to which 
the normalized frequency in question is confined. With the 
generator in mesh No. 1, as we have here assumed, meshes Nos. 2 
and 3 have only one resonance frequency. These facts were borne 
out very nicely in our experiments, and are shown in Fig. 8. 
Suppose now we consider the generator in mesh No. 2 and 
again vary the frequency as before, keeping the voltage constant. 
In this case the currents in all three meshes should show only 
one resonance peak at 75 cycles—the system frequency. The 


Fig. 15—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 2, Current 
in Mesh 3. Note that this is a damped single frequency. 60-cycle 
timing wave. 

normalized frequencies of 55 and 66.7 cycles in meshes Nos. 1 

and 3 do not respond, and this is again clearly shown by our 

experimental curves of Fig. 9 for this case. 

Finally, suppose we impress the voltage in mesh No. 3 and 
make the same run as above. We expect in meshes Nos. 1 and 2 
a response only to the system frequency of 75 cycles because the 
normalized frequency of 55 cycles in mesh No. 1 does not come 
into action. In mesh No. 3, however, we now expect to find a 
response to 66.7 cycles—its normalized frequency—and also to 
the system frequency of 75 cycles. These conditions were also 
verified experimentally and are illustrated by Fig. 10. 

Now as to the type of transients we should expect to get. 
Here, as in the two-mesh case, we use the numbering 12, 13, etc., 
to designate runs, whereby the first figure designates the mesh 
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in which the current is observed and the second, the mesh in 
which the constant emf is suddenly applied, or vice versa. Thus 
the runs 12, 13, 22, and 23 should show simple damped sinusoids 
of system frequency. The run 11, on the other hand, should show 
a double-frequency transient containing 55 and 75 cycles, and 
the run 33 should also show a double-frequency transient contain- 
ing 66.7 and 75 cycles. The oscillogram for run 11 is given in 
Fig. 11. Those for runs 12, 13, 22, and 23 are given in Figs. 12, 
13, 14, and 15, respectively, while the oscillogram for run 33 is 
given in Fig. 16. The double frequency of runs 11 and 33 is 
detected in each case by the beat, which is absent in the oscillo- 
grams for the remaining runs. 


Fig. 16—Oscillogram for Three-Mesh Circuit. Voltage in Mesh 3, Current 
in Mesh 3. Mesh 3 having been made a normal coordinate, the curve 
is a damped double frequency. The beat shows this clearly. 60-cycle 
timing wave. 

We see that our mathematical theory is substantiated very 
nicely by these simple experiments, and it is safe to assume that 
the theory holds in its general form and applies to any type of 
network no matter how complicated. It seems reasonable that 
these properties of isolation and suppression of resonance effects 
should have some practical application in the design of circuits 
with special characteristics, and it is the hope of the authors 
that the principles involved have been made sufficiently clear 
by these illustrations so that more general interest will be aroused. 
In the latter event we earnestly invite criticism and co-operation. 
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R000. Каро COMMUNICATION 


R007.1 Dellinger, J. H. Analysis of broadcasting station allocation. 
Proc. I. R. E., 16, 1477-85; November, 1928. 


wy of the technical aspects of the reallocation of November 11, 


R100. Карго PRINCIPLES 


R113 Diagramme des champs éléctriques mésures a Meudon pen- 
dant le deuxieme semestre 1927. (Diagrams of electric fields 
measured at Meudon during the second half of 1927). L'Onde 
Electrique, 7, 458-460; October, 1928. 

(Curves taken on LY, UA, WSS, and GBL during second half of 1927.) 


R113.1 Colwell, R. C. Fading curves along a meridian. Proc. I.R. E., 
16, 1570-1573; November, 1928. 


(Fluctuations in signal strength of KDKA, Pittsburgh, Pa. were observed 
through the sunset period of Morgantown, W. Va. Observations made covered 
twenty-one days. On bright clear days, the curve fluctuated considerably while 
on cloudy days the curve was fairly steady.) 


R113.1 Merritt, E. and Bostwick, W. E. A visual method of observing 
the influence of atmospheric conditions on radio reception. 
Proc. Nat. Acad. Sci., 14, 884-88; November, 1928. 


(A method is described which utilizes the cross-eoil system and a cathode- 
ray oscillograph. 1t was possible to notice visually several successive rotations 
of the plane of polarization of the down-coming wave during sunset period.) 


R113.4 Stormer, C. Short-wave echoes and the Aurora Borealis 
(letter). Nature (London), 122, 681; Nov. 3, 1928. 


(Report on signals and echoes received at Bygd@, Oslo from the short-wave 
station at Eindhoven, Holland. The echoes arrived from 3 to 15 seconds later 
than the principal signal. The writer explains these belated echoes by the 
theory that radio waves penetrate the Heaviside layer passing then into empty 
pockets of large dimensions. The pockets are surrounded by walls of electrons 
from which the waves are reflected.) 


* Original manuscript received by the Institute, December 14, 1928. 
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Radio echoes and magnetic storms (letters). Nature (London), 
122, 768; November 17, 1928. 


(Two notes, one by S. Chapman and the other by E. T. Eckersley with reapect 
to the note (Nature, p. 681, Nov. 3, 1928) by Størmer on the explanation for 
the. long time interval echoes. Eckersley calls attention to his paper in the 
Philosophical Magazine, June, 1925, where he explained the whistles of lowering 
pitch by means of dispersion and the group velocity along the path in the 
Heaviside layer. Chapman calls attention to the fact that the positive ions are 
€: pem in addition to the electrons which were considered in Stórmer's 

eory. 


Beatty, R. T. Short wave signals which travel over a million 
miles and return. Wireless World and Radio Review, 23, 
722-23; Nov. 28, 1928. 

{A picturization of electron vorteces of extremely large dimensions and their 
possible effects on radio transmission explaining long time interval echoes.) 
Schelleng, J. C. Note on the determination of the ionization 
in the upper atmosphere. Proc. I. R. E., 16, 1471-1476; No- 
vember, 1928. 


(Describes a method of estimating distribution of ionization in upper atmos- 
pos This method based on measurements on several frequencies of effective 
eight as determined by interference or echo experiments.) 


Bergmann, L. and Holzlóhner, G. Uber die Fortpflanzung- 
schwindigkeit elektrischer Wellen an dunnen Dráhten von 
verschiedenem Leitvermógen. (On the velocity of propagation 
of electric waves along thin wires of different conductivity.) 
Ann. d. Phys., 87, 653-676; No. 21, 1928. 


(Brief review of the theories of propagation by Hertz, Rayleigh, Drude. Mie, 
Sommerfeld, Mercier, Hund, and experimental data with thin wires of copper, 
aluminium, brass, German silver, manganin, and constantan.) 


Bashenoff, V.I. Supplementary note fo abbreviated method 

for calculating the inductance of irregular plane polygons 

of round wire. Proc. I. R. E., 16, 1553-1558; November, 1928. 
(Additional discussion based on this paper.) 


R200. Rapio MEASUREMENTS AND STANDARDIZATION 


Rangachari, T. S. A method of calibrating a low frequency 
valve generator with a single frequency standard source. 
Experimental Wireless and Wireless Engineer (London), 5, 
633-634; November, 1928. 


(The source of unknown frequency is connected across a series combination 
of resistance and an inductance and the former is varied until the voltage across 
it is the same as across the inductance. The same is done when an emf of known 
frequency is impressed. The unknown frequency can then be calculated from 
resistance settings and the known frequency.) 


Hitchcock, К. C. Quartz crystals: How to cut and grind 
them. Radio Broadcast, 14, 85-87; December, 1928. 


(Formulae for the thickness vibration are gron for the 30-degree and the 
Curié cut. The method of cutting and grinding piezo-electric quartz plates is 
described.) 


Harrison, J. R. Ріело-ејесігіс oscillator circuits with four- 
electrode tubes. Proc. I. R.E., 16, 1455-1470; November, 1928. 


(Description of two piezg-oscillator circuits which use soreen-grid vacuum 
tubes. One circuit utilizes two pairs of electrodes and feedback takes place 
through the crystal. In the other circuit, the two electrodes of the crystal are 
connected between the plate and the control grid.) 
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Terry, E. M. The dependence of the frequency of quartz 
piezo electric oscillators upon circuit constants. Proc. I. R. E., 
16, 1486-1506; November, 1928. 


(Mathematical theory of the piezo-electric quartz oscillator is given. It 
treats the case where the quartz element is between the grid and the filament as 
well as the case when between the grid and the plate. The analysis is made 
for the tuned-plate circuit, inductance and resistance load.) 


Strout, R. S. Temperature coefficient of quartz crystal 


oscillators. Phys. Rev., 32, 829-831; November, 1928. 

(The temperature coefficient of the frequency of a quartz plate 1.8 X1.8 X0.11 
oscillating with the thickness frequency was found to decrease linearly from 22.7 
parts per million per degree at 65 deg. C to 1.6 parts per million per degree 
at—189 deg. C.) а 
Rybner, J. Note sur les experiences relatives aux proprietes 
dielectriques des gaz ionises de MM. Gutton et Clement. 
(Note on the experimental results of dielectric properties of 
ionized gas found by Gutton and Clement). L’Onde Electrique, 
7, 428-436; October, 1928. 


(Shows that the experimental facts observed originally by Gutton and 
Clement can be explained by the classical theory and that it is not necessary to 
assume that the ions are not free and their movement due to quasi elastic forces.) 


R300. RADIO APPARATUS AND EQUIPMENT 


Millen, J. The control grid glow tube. Radio Engineering, 
8, 18-19; September, 1928. 


(Description of this tube giving the breakdown characteristic and other useful 
ata. 


Van Dyck, A. Е. and Engel, F-H. Vacuum tube production 
tests. Pnoc. I. R. E., 16, 1532-52; November, 1928. 


(Genera! description is given of methods and apparatus for testing tubes in 
large quantities.) 


Van Dyck, A. F. and Dickey, E. T. Quantitative methods 
used in tests of broadcast receiving sets. Pnoc. I. R. E., 16, 
1507-1531; November, 1928. 


(General classes of receiving set measurement used by authors are outlined 
as special engineering tests and production tests. New form of radio-frequency 
generator designed for this type oí work is described.) 


Warren, A. G. Surges in eliminator smoothing circuits. 
Experimental Wireless and Wireless Engineer (London), S, 
601-606; November, 1928. ^ 


(A discussion of the effects of surges occurring: in an eliminator circuit which 
is supplied from d, c. mains. It is shown that the effects are most serious when 
the set is not connected or the filaments of the set are not burning.) 


Aisberg, E. Utilisation des lampes de T.S.F. pour la pro- 
duetion de musique electrique. (Use of vacuum tubes for 
the production of electric music). L'Onde Electrique, 7, 455- 
458; October, 1928. 


(Reviews the various systems for producing music by means of vacuum-tube 
generators.) 
A tuning fork controlled audio oscillator. Jnl. Scien. Instr. 


(London), 5, 361-362; November, 1928. 
(Description of audio oscillator made by General. Radio Company.) 
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Meyer, E. Uber eine einfache Methode der automatischen 
Klanganalysis und der Messung der Nichtlinearitat von 
Kohlemicrophonen. (A simple method of automatic sound 
analysis and measurement of distribution in carbon micro- 
phones). Elektrische Nachrichten Technik, 5, 398-403; October, 
1928. 

(A bridge method is described for testing carbon microphones. The method 
is a simplified arrangement for sound analysis.) 
Coursey, P. R. A portable oscillograph equipment for obser- 
vation of transient electrical phenomena. Experimental 
Wireless and Wireless Engineer (London), 5, 616-619; Novem- 
ber, 1928. 


(Description of the apparatus.) 


R400. RADIO COMMUNICATION SYSTEMS 


Fuller, L. F. and Tolson, W. A. Power line carrier telephony. 
Jnl. A. I. E. E., 47, 711-715; October, 1928. 

(Outlines briely modern communication requirements, provision of com- 
munication and different types of equipment available for this service.) 
Wolfe, W. B. and Sarros, J. D. Problems in power line carrier 
telephony and recent developments to meet them. Jnl. 
A. I. E. E., 47, 727-731; October, 1928. 

(Outline of difficulties met in application of high-frequency communication 
to power systems. Description of recent developmente in equipment.) 


R500. APPLICATIONS OF RADIO 


Craft, E. B. Airways communication service. Bell System 
Tech. Jour., 7, 797-807; October, 1928. 


(Two-way radio telephone communication between airplane and ground ex- 
pem by the A. T. aad T. Co. Describes in addition the system used by the 
. 5. Government and between London and Paris. Se that further 


channe!s in the high-frequency band should be assigned to this work.) 


Radio stations of the world on frequencies above 1500 ke. 
Proc. I. R. E., 16, 1575-1604; November, 1928. 
(List of high-frequency stations throughout the World.) 


Bigourdan, С. Sur unification des signaux horaires radio 

telegraphiques. (On the unification of radio time signals). 

Rev. Generale d'electricité, 24, 702-703; November 10, 1928. 
(Chart for time signals.) 


Scheppmann, W. and Eulenhéfer, A. Der Bildfunk nach dem 
System Lorenz-Korn. (Picture transmission system of Lorenz- 
Korn). Elektrische Nachrichten Technik, 5, 373-381; October, 
1928. 


(Describes sending and receiving equipment as well as the latest, development 
in synchronization.) 


Oglobinski, M. G. Derniers progress de la transmission 
Belinographique en France. (Latest progress on the trans- 
mission of pictures by the Belin system). L'Onde Elecirique, 
7, 446-455; October, 1928. 


(Description of the improved Belin system using photoelectric tubes.) 
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Hermann, P. W. High frequency electric furnaces. Radio 
(San Francisco), 10, 12-13; December, 1928. 


(Methods and equipment used for melting precious metals.) 


R800. Non-Rapio SUBJECTS 


Bergstein, M. Applications of the photoelectric cell in indus- 
try. Radio Engineering, 8, 28-30; September, 1928. 


(Uses in commercial work.) 


Maurain, Ch. Activite solaire et magnetisme terrestre. (Solar 
activity and terrestrial magnetism). L’Onde Electrique, 7, 
414-427; October, 1928. 

(Review of the solar activity and its relation to the diurnal variations. In- 
cludes a list of references.) 
Turner, H. M. The constant impedance method for measuring 
inductance of choke coils. Proc. I. R. E., 16, 1559-1569; 
November, 1928. 


(Description of a method of measuring at power frequencies the inductance 
of iron-cored choke coils of type commonly used in radio ав filters.) 
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Standards, April, 1919 to date. Associate member, Institute of Radio 
Engineers, 1928. 
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Hollman, H. E.: Born November 4, 1899 at Solingen, Germany. 
Educated at Humanistic High School of Solingen; passed examination, 
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McEwan, Alexander R.: Educated Brooklyn, N. Y. publie schools; 
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radio, Canadian National Railways, October 1, 1927. 

Pratt, Haraden: Born July 18, 1891 at San Franeisco, Calif. Gradu- 
&ted from College of Mechanical and Electrical Engineering, University 
of California, 1914. Radio operator and installer, United Wireless and 
Marconi Companies, 1910-13. Expert radio aide to Navy Department, 
1915-20. Engineer with Federal Telegraph Company in charge of research 
factory and design and construction of chain of radio stations, 1922-27 
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tion gaps for radiotelephony. Chief of the Radio Section, Electrotechnical 
Laboratory, 1920. Member, Institute of Radio Engineers, 1917. 
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The great radio public is becoming 
more and more insistent in its de- 
mand for better tonal reproduction. 
No intensive market survey is nec- 
essary to show that the receiver 
manufacturers who recognize this 
pressure are making the greatest 
progress this season. 
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It is to this army of progressive 
manufacturers of quality receivers 
that the bulk of Thordarson audio 
and power supply transformers are 
being delivered on schedule. 
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Our solicitation of manufacturers” 
business for this season is a closed 
book. We will not hazard violating 
our delivery promises in a mad de- 
sire for more orders. We do sug- 
gest, however, that receiver manu- 
facturers who are earnestly looking 
for the ultimate in musical perform- 
ance will allow us to figure on their 
reguirements for 1929. 
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AAT AN ERRARE NL TUCO ТУТ 


HORDARSON 


RADIO 


| Ty отете in Musical Periormance ^i] 


Gu >= TRANSFORMERS 
THORDARSON, ELECTRIC MANUFACTURING СО. 


Transformer sbecialists since 1895 
HURON, KINGSBURY & LARRABEE STS. — CHICAGO, ILL. 
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INDIVIDUAL INSTRUCTION CARDS 


for testing Factory-Built Radio Sets 


iG DATA 
SERVICING Фе, 
Rabo aes 
$51 Razo ST 


An Added Service of the WESTON MODEL 537 
A.C. and D.C. Radio Set Tester 


"ТГ HESE INSTRUCTION CARDS, by covering the Spe- 
cific testing requirements of individual receivers, make the 
Model 537 a still more useful test set for the service man. 


They save the service man’s time by giving a complete out- 
line of procedure for testing the principal makes of factory- 
built sets and, in addition, give the socket voltages and tube 
plate current for every stage throughout the set, as well as the 
comparative grid test on the various tubes. 

The Model 537 is designed to meet the service requirements of every type 
and kind of radio receiver. Its use, however, is reduced to still greater 


simplicity when testing any particular make of set in conjunction with its 
individual instruction card. 


Write to us and we will be pleased to acquaint you with full particulars. 
Or better still, address your inquiry to your radio jobber, supply house 
or our nearest representative—and ask for a demonstration. 

WESTON ELECTRICAL INSTRUMENT CORPORATION 
589 Frelinghuysen Ave. Newark, М. J. 


PIONEERS 
SINCE 1888 


EN 
INSTRUMENTS 
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Vital 


Essentials 


RCA Radiotrons possess three 


prime assets— 
1—Unquestioned quality 
2—National distribution 


3—Public acceptance 


It is for these reasons that they 
are used by leading manufactur- 
ers for testing, initial equipment 
and replacement. 

RADIO CORPORATION OF AMERICA 


New York Chicago Atlanta 
Dallas San Francisco 


RCA IRADIOTRON 


MADE BY THE MAKERS OF THE RADIOLA 
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ADIO engineers and production men 
have confidence in Formica service. 


When radio was a very small industry 
Formica was very widely used in the appa- 
ratus which, in those days was largely 
built by hand. 


Formica grew with the industry, installing 
new machinery and equipment from year 
to year to meet the changing requirements 
of the engineers and give prompt service. 


Today it has probably the largest installa- 
tion of fabricating equipment in its in- 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 


THE FORMICA INSULATION СО, 4646 Spring Grove Ave., CINCINNATI, О. 
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Fixed and Adjustable Resistors 
for all Radio Circuits 


BRADLEYUNIT-B 


| Dee manufacturers, set builders and experimenters demand 
reliable resistors for grid leaks and plate coupling resistors.. 
For such applications Bradleyunit-B has demonstra:ed its 
superiority under all tests, because: 


1—Resistance values are constant — 4—Adequate current capacity 
irrespective of voltage drop across S—Ruá&ed, solid- molded con- 
resistors, Distortion isthusavoided stFuciion " 

2—Absolutely noiseless 

3—No aging after long use 6—Easily soldered. 


Use the Bradleyunit-B in your radio circuits 


NE \| 
=) 


RADIOSTAT 
This remarkable graphite compression rheostat, and other types 
of Allen-Bradley graphite disc rheostats provide stepless, velvet- 
smooth control for transmitters, scanning disc motors and other 
apparatus requiring a variable resistance. 


LABORATORY RHEOSTAT 


Type E-2910—for general laboratory service. Capacity 200 watts. 
Maximum current 40 amperes. A handy rheostat for any laboratory. 


Write for Bulletins Today! 


Allen-Bradley Company 


282 Greenfield Avenue Milwaukee, Wisconsin 
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The New 
TEMPLE DYNAMIC 
Speakers 


DD to the approved 
and accepted principle 
of sound reproduction the 
compelling significance of the 
Temple name and the result is 
a product which again sets a 
new standard in speaker excel. 
lence. 


Temple Dynamics are made 
only as Temple can make 
them—that means better. 


ee Available to manufacturers in 
They Sp eak three chassis models: 


for Model 10, 110 volt, A.C., 60 cycle 
Model 12, 110 volt, A.C., 25 cycle 
ээ 
Themselves Model 14, 110 volt, D.C. 


Write for full 


particulars 


TEMPLE CORPORATION 
1925 S. Western Ave., Chicago, U. S. A. 


A LEADERS IN SPEAKER DESIGN ANA \ 
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Nothing but 


Condensers ғ 


ODAY the requirements of the radio industry as 

regards by-pass and filter condensers, necessitate huge 

organizations and exceptional facilities. In this out- 
growth there has developed the specialty manufacturer, 
keyed to do one thing, and one thing only, so well and so 
economically as to render a real service to the industry 


From a small beginning in 1919, the John E. Fast & Co. 
organization has developed into one of the largest manu- 
facturers in the country catering to but a single need of the 
radio manufacturer. 


Here, under one roof, an organization of some two hundred 
specialists, devote their time, thought and energies to the 
manuíacture of condensers only. They make no set hard- 
ware, no parts, no eliminator units, no transformers, no 
sets. Their entire concentrated effort is on one product 
alone—condensers. 


Such specialization assures a high quality product, eco- 
nomical production and exceptional servite to meet the 
exacting requirements oí the radio set manufacturer. 


Whether your requirements call for thousand lots or mil- 
lions of units, you are assured here of an unfailing source 


of supply, whose promises will be fulfilled even in emer- 
gencies. 


Send your condenser specifications to Fast. 


60 


Condenser Specialists Since 1919 
3982 Barry Avenue, Chicago, Illinois 
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DeJur-Amsco 
PARTS SPECIALISTS 
FOR SET MANUFACTURERS 


QUANTITY 
PRODUCTION 
OF 
QUALTITY 


Neutralizing Condensers— All 
Capacities 


PRODUCTS 
| DELIVERED 
Кайнага That Do Not 
Change ON 
= - m | SCHEDULE 


Condensers in All Capacities L 
et Us Quote on Your 
and "de. quce Quote à 


Matched Specifications 


DeJur-Amsco Corp 


Resistance and Condenser Headquarters 
Broome & Lafayette Sts., New York City 
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Illustrating the action of the guide 
for the tube prongs. The tubes bare 
to go in rizhr—no slipping 
or fumbling. 


This is a close-up view of the new 

Eby double contact prong. Spring 

tensior evenly divided between top 
and bottom of both sides. 


Model 6 Socket is new and much better. Designed for manu- 
facturers’ use exclusively. Popular Eby features have been 
retained and new ones added. 

Four different colors numbered—for identification of tubes. 

Long two-sided prongs—for positive contact. 

Guide for tube prongs—a famous Eby feature. 

Rivet assembly—for economy. 


New in performance, new in appearance —and a new low price. 


New Moulded Tip Jacks 


Here's another new Eby product—a pair of tip jacks, moulded as 
inserts in a brown bakelite strip marked either Speaker or 
Phonograph. No insulating washers or nuts—for real assembly 
economies. Only 1%” of phone tip protrudes after insertion— 
for safety. An amazing value—for the price. We'll be glad 
of a chance to send you samples and tell you 
about prices and deliveries. 


The H. H. EBY LE MFG. CO., Inc. 


4710 Stenton Ave. A^ Philadelphia 
Makers of Eby A Binding Posts 
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Only Centralab Has 
Resistances Like These 


HE construction and design of a variable resistance 

is of as great importance as the mere fact that it 

possesses a certain resistance and will carry a speci- 
fied current load. Centralab design is such that the re- 
sistance unit not only will handle the power but also 
vary it in a manner so as to derive the greatest efficiency 
from the receiving set or power unit. 


The following features distinguish Centralab variable 
résistances of the Graphite Disc type: 


Rocking Disc Contact. M. 
(varies the graphite resistance by means of a pressure shoe, eliminating 
sliding contacts to wear out and become noisy.) 


One turn of knob gives complete variation. 
(the entire resistance range from maximum to minimum is obtained by one 
turn of the knob.) 


Insulated shaft and bushing. 


(eliminates body capacity in a critical circuit.) 


Constant resistance. 


(it is completely encased and cannot be affected by atmosphere or tem- 
perature changes.) 


Noiseless, smooth and easy adjustment. 
(no scraping or scratching; knob turns like velvet; can never bind or 
work hard. Absolutely no noise in the speaker.) 


Rigidly built; fully guaranteed. 
(all bakelite and special metal construction makes possible a fool proof 
unit and an unqualified guarantee of satisfaction.) 


Made in two and three terminal units to be used as Volume Controls, 
Modulators, and Potentiometers. Special resistance 
tapers can be had for any circuit. 


Centr; 


CENTRAL RA етут 
16 Keefe Ave. Milwaukee, Wis. 


A CENTRALAB CONTROL IMPROVES THE SET 
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PROGRESS 
IN TELEVISION 


Raytheon Laboratories took up the 
task of developing tubes for tele- 
vision apparatus as soon as prac- 
ticable principles of television 
transmission and reception had 
been worked out. 


Raytheon progress in this field has, 
therefore, been concurrent with 
television development as a whole. 


[oto«Cell We now offer, as equipment of proved 


"Television sending tube efficiency, the Foto-Cell sending tube and 


in hard vacuum or je M "x, 
ae filled type the Kino-Lamp receiving tube. 


The Foto-Cell has been developed to 
the point where cells are made which 
will respond to various frequencies in the 
light-spectrum. 


The Kino-Lamp is being produced in 
numerous types and styles, which pro- 
videsuitable light-sources and light-sen- 
sitiverelays for all systems. These include 
various types of spot-glow lamps, as well 
as flat-plate type—all of which will glow 
in white, blue, green and various tints 
of orange. 


These developments are also effective in 
phono-film, in sound-reproduction, and 
in all systems where a sensitive light- 
relay or a sensitive light-source is needed. 


We invite correspondence and 

welcome opportunities to ex- 

tend co-operation in television. 
and allied developments 


Kinolamp | RAYTHEON MFG. CO. 


Television receiving tube 
CAMBRIDGE, MASS. 


adapted to all systema 


Price $7.50 
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Continental Resistors 


Durable dependable, simple in structure and give a 
minimum of resistor trouble. 


Type A for grid leaks and 
light power purposes. Will 
dissipate 14 watt safely. 


Types W ard X for greater 


power dissipation. 


All types furnished in any re- 
sistance value desired. 


In use continuously for a number of years by the 
largest manufacturers. 


Types E2 and D2 fur- 
nished with wire leads 
soldered to coppered 
ends, are for soldering 
permanently into posi- 
tion in apparatus where 
they are to be used. 


E2 D2 


Samples for test sent on receipt 
of specifications. 


CONTINENTAL CARBON INC. 
WEST PARK, CLEVELAND, OHIO 


When writing to advertisers mention of the Proceeninas will be mutually helpful. 
XII 


Hum Control 


HERE is no longer any question of the advantages of 

the center-tap fesistance method over the center-tap trans- 
former winding in the operation of filament type A-C tubes. 
However, there is still some question regarding the cost, space 
and labor involved in using center-tap resistance. And to 
answer any remaining doubts, the Clarostat Engineering Staff 
scores again with the Hum-Dinger—the refined center-tap re- 
sistance with precise adjustment for hum control. Here it is, 
considerably enlarged, to show the details— 


Hum Adjustment 
Screw 


Bushing * 


Mounting 
Holes 
Firmly uf 
Clamped Wire Winding 


Soldertng Tab 


Compact. Sturdy. Simple. Durable. Requires little space. Can be 
mounted for ready adjustment by inspection department at factory or 
service man in field. Sliding contact works over center half of winding. 
Any resistance value. And the cost—well, yow]H be surprised! 


Write for details regarding the Hum-Dinger, as well as the new 

Clarostat Wire-Wound Resistors now available in all sizes, 
ranges and styles. Also, don’t forget our regular Clarostats—the standard 
variable resistors. 


Clarostat Manufacturing Company, Inc. 


GLAS Specialists in Radio Aids 


285-7 North Sixth St. :-: Brooklyn, N. Y. 


—TSLAROSTAT— 


З РАТ. 
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CARDWELL TYPE 1683-R 


Neutralizing or Balancing Capacity 
For High Power Amplifiers— 


What Choice Condensers, 
and Why— 


The average designer or constructor of a Radio Trans- 
mitter Installation approaches his problem with every 
good intention of creating the very best that his ingenuity 
and acquired knowledge, plus the best obtainable parts, 
can make possible. 


Values are determined, arrangement of parts planned, 
wiring laid out. What then? What influences his choice 
of variable condensers? 


We can answer for the greatest constructors of Radio 
Transmitters in the country and say with authority that 
they buy on worth alone, real downright worth, and they 
are consistent users of CARDWELL CONDENSERS. 
Their choice is soundly and logically determined. No hit 
or miss—they know. 


If you have no other way of determining what condensers 
would serve your purpose best, it is just good sense to be 
guided by these leaders whose experience dictates their 
choice. 


CARDWELL 
CONDENSERS 


TRANSMITTING—RECEIVING 
“The Standard of Comparison” 
Send for Literature 


THE ALLEN D. CARDWELL 
MFG. CORPN. 
81 Prospect St. 
BROOKLYN, М. Y. 
When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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LIST PRICE 


The Pacent Electric Phonograph 
Motor . . . Induction Type 


GENUINELY silent, high 

efficiency electric phono- 
graph motor. Regardless of 
cost, there is no finer electric 
power plant for phonographs 
made. It is of squirrel-cage in- 
duction type, no brushes, no 
commutators, no sparking, no 
interference. Absolutely insu- 
lated against noise throughout. 
Spring suspended shock proof 
turntable, driven by a felt fric- 
tion cone drive. Motor frame 
is of heavy grey iron casting, as- 
suring true alignment of bear- 
ings. Motor may be stalled in- 


definitely without damage to 
winding. Extremely low power 
consumption—15 to 20 watts— 
costs approximately 1104 for 10 
hours. Readily accessible lubri- 
cation system. The  Pacent 
Motor requires little or no at- 
tention, and operates with uni- 
formly high efficiency through- 
out its extraordinarily long life 
on 60 cycles, 110 volts A.C. 
only. 


Write for complete construction 
details and information on in- 
stallation. 


PACENT ELECTRIC CO. INC. 


91-7th Ave., New York City 


Pioneers in Radio and Electric Reproduction for Over 20 Years 


Manufacturing Licensee for Great Britain and Ireland, Igranie Electric Co., Ltd., 
Bedford, England 


-N 
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~and still 
they come! 


Metal — glass — wood — porcelain—rubber— 
paper... they are all being replaced by a 
better—and often cheaper, material — 
Nationa! Vulcanized Fibre—the material 
with a million uses! 


From microscopic washers .005 Inches thick 
to heavy blocks for pile driving... There 
scems to be no limit to the uses for this ver- 
satile material... no end to the new ways 
in which its known qualities facilitate man- 
ufacture or improve performance. 


In our nation-wide chain of warehouses 
there are countless bins, each containing a 
different size. a different thickness. a differ- 
ent grade of vulcanized fibre. Every sheet. 
rod and tube that “National” makes is built 
to meet the requirements of specific use. 


Put it up to us to determine by actual test 
what grade is best suited to your products. 


NEW < 
NEW USES 


In the laboratory " where 
known requirements meet 
knows performance” our 
Service Engineering Staf 


wiU work with vou in the 
development of! в lamb 


nated behelte which will 
give the exact reemlto 
required. Consult us at any 
Hime without chought of 


uou Т5. 


obligation. 


VULCANIZED 


NATIONAL VULCANIZED FIBRE CO., Wilmington, Del., U. S. A. 


Offices in Pi ipal Cities 
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the QUEST 
‘for PERFECT A-C TUBES 
~~~ ends here 


No other tubes 
have so many 
advantages: v 


0. thesca of 


uncertainty; 

many would-be- 
perfect A-C tubes 
are marketed. ® 


The elimination 
of ceramic between 
7 heater and cathode 
How vastly different 
from Areturus **labor- 
atory production” pro- 
cedure. To retain the 
laboratory’s fine thought 
and painstaking crafts- 
manship in production is \ 
the problem that makes for 


/ Efficiency unim- 
paired by line surge. 


Exelusive, thorough 
evacuation of each and 
every radio tube № 


Larger,activeemittingarea 
and life over 2,000 hours е 


tube perfection. ® ът Greater undistorted amplifi- 

cation—and standardized 

Arcturus accomplishes this! by 26 independent set 

Arcturus À-C Long Life manufacturers. *v v 

Tubesarerecognized for these The quest for perfect A-C 
laudable qualities. е ® tubes ends here. * 


| ENGINEERING FACTS HAVE А UTILITY SIGNIFICANCE ] 
E TO THE BROADCAST LISTENER i 


ARCTURUS RADIO CO. NEWARK, N.J. 


ARCTURUS 


= Lonc LIFE TUBES 
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You Can Forget the Condensers, If They Are DUBILIER'S 


TYPE 596 B 

For high frequency 
furnaces — tube 
bombarders — radio 

| transmitters, etc. 


There is no substitute for Quality 


Since 1913 Dubilier has been producing condensers of many and 
varied types filling every need in the radio field. 


Type PL-1152 espec- 
ially designed for th« 
Thordarson 250-2 


Stage Power Ampli- 
ficr and Platesupply, 
and Thordarson 250 
Plug in Power and 
Plate Supply. Used 
with Thordarson T- 
2900 Power Supply 
Transformer. Ргіее 


$17.50. 


Mica condensers... Paper condensers 
|... Transmitting condensers...are but 
a few of the many hundred types. Ever 
since theevent of Radio, Dubilier has 
been the manufacturers’ standard 
—and the set builders’ stand-by. 
Built in every Dubilier Condenser is 
a factor of safety which is your safe- 
guard for years of service without 
failure. 


Write Dept. 62 for Free Catalog 


Dubilier 


CONDENSER CORPORATION 
10 East 43rd Street, New York City А 


for free 
catalog 


Address 
Dept. 62 


Reg. U.S. Pat. Off. 
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Resistances of 


Surpassing Efficiency 


ADJUSTABLE 
м SUDING 
9 E. 


V^" |] TRUVOLT 


ALL-WIRE 
a ee RESISTANCES 


ents Pending. Reg. U. S. Pat. Off. 


HESE resistances are widely pre- 

ferred for B-Eliminator construction 

and power work due to their non-vary- 
ing accuracy and ability to carry the heavy 
current loads without deterioration. 
Their ingenious, air-cooled design is an ex- 
clusive Electrad feature. In addition to 
keeping the units cool, it permits the wind- 
ing of a larger resistance wire in smaller 


space, providing a much finer regulation of 
voltage. 


Truvolt Variables simplify B-Eliminator 
construction by eliminating difficult calcula- 
tion and making all adjustments easy. Tru- 
volt Fixed Resistances are adjustable to dif- 
ferent set values by the use of sliding clip 
taps—an exclusive Truvolt feature! 

Our Engineering Department will gladly 
recommend special units with full data. Our 


Experimental Laboratory is yours to com- 
mand. 


Electrad specializes in a full line of Controls 
for all Radio Purposes, including Television. 


Write for Blueprints and Technical Data 
Dept. P-2, 175 Varick St., NEW YORK 
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NOW IS THE TIME 


TO START TESTING FILTER 
CONDENSERS FOR NEXT 
SEASON’S PRODUCTION. 
FILTER CONDENSERS OR- 
DINARILY ARE OF SUCH A 
NATURE YOU CANNOT 
AFFORD TO TAKE ANY 
CHANCES. WE HAVE SAM- 
PLE BLOCKS CONTAINING 
ALL VOLTAGE RATINGS 
ESPECIALLY DESIGNED 
FOR TEST PURPOSES AND 
CAN SUPPLY YOU IMME- 
DIATELY. 


ACRACON 


CONDENSER CORPORATION OF AMERICA 
259-271 CORNELISON AVE. JERSEY CITY, N. J. 
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COVÍLL CRAFTSMANSHIP ) 
UNT F Ap id to Sales and Prof? 


HE sales and profit possibilities of a product 
3j depend upon manufacturing quality and 
economy. This is especially true of radio, 


where every small and unseen part plays a promi- 
nent rule in the symphony of construction. 


Because of this, manufacturers of repute select 
Scovill Craftsmanship. They adopt and make the 
gigantic and unequalled manufacturing facilities 
of a 127 year old plant a means of producing 
quality parts at a cost that helps sales and profits 
—a cost that helps to outdistance competition. 


Scovill is essentially a creative organization as 
well as a manufacturing unit. Radio parts are 
made to specification from your blueprint, sample 
or suggestion. The cooperation and experience of 
this pioneer is at your disposal—as a merchandis- 
ing aid. Phone the nearest office for a Scovill 
Representative. 


Every step in the manufacture of 
Scovtll Radio parts is under strict 
laboratory supervision. 


SCOVILL 


MANUFACTURING COMPANY 
WATERBURY, CONNECTICUT 


New York BOSTON Cn10aa0 
PROVIDENCE PHILADELPHIA CLEVELAND 
Los ANGELES Saw FRANOISCO CINCINNATI 
ATLANTA DETROIT 


In Europe,—THE HacUE, HOLLAND 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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PREC 


NATIONAL CO. INC., w. A. Ready 
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Туре 
Precision Vernier Dial 


For utmost precision of logging in ra- 


dio and laboratory equipment. Soli 
4 german silver dial and vernier. 
Reads to 1-10 division. Has the orig- 
iua aid unexcelled. NATIONAL 
Velvet Vernier Mechanisim—used 
and approved the world over. 


List Price? $6.50 


Other NATIONAL Velvet Vernier Dials for 
different Radio Uses list from $2.50 to $4.00. 


Send for Bulletin 121-IRE 


NATIONAL 


VELVET VERNIER DIALS 


Established 


III 


ISION 


сє: A CETT 


1314 MALDEN, MASS. 


Used by Leaders Because They 
are the Leaders in their Field! ох 


Resistors, Powerohms and Grid Suppressors are used by such organiza- 
tions as the Western Electric Company, General Electric Company, 
Westinghouse, and Bell Laboratories, the U. S. Government and by 
the foremost experimental laboratories in this country. With many 
forms of resistances from which to choose, it should be highly signifi- 
cant that the most important radio and electrical laboratories and 
manufacturers have standardized on Durhams. The reasons are plain. 
First—there is a Durham resistance unit for every practical need up to 
100 volts. Second—the Metallized principle has proved its utter superi- 
ority over many years. Third—Durham accuracy and uniformity can 
be relied upon regardless of the type of resistance or the purpose for 
which it is used. Each succeeding year sees more manufacturers, 
laboratories, dealers, jobbers and professional radio men using Dur- 
hams (such leadership must be deserved). Descriptive literature on the 
entire Durham line gladly sent upon request. 


RESISTORS & POWEROHMS 


International Resistance Company, 2006 Chestnut Street, Philadelphia, Pa. 


When writing to advertisers mention of the РвосеЕрімсѕ will be mutually helpful. 
XXIV 


FREE Radio 
—a Booklet of Insulators 


Helpful Hints 
for Better 

Transmission COMING GLASS WORKS 
and Reception 


HIS booklet discusses facts that are important to 

every Radio Engineer and Amateur, explains why 
good insulation is essential, and gives data on correct 
insulators for all types of transmitting apparatus and 
receiving sets. A copy should be in your file for ready 
reference. 

The PYREX* Insulators illustrated and described 
are the ones universally recommended for highest 
electrical resistance, strength in mechanical tension 
and the chemical stability for everlasting dependability 
under climatic and destructive exposure. 

The PYREX line includes antenna, strain, entering, stand- 
off, pillar and bus bar types of every desirable size, such as 
are used by the big broadcasting stations, U. S. Lighthouse, 
Coast Patrol, Lighthouse and Air Mail Services, Commanders 
Byrd and MacMillan, and exacting amateurs everywhere. 

Get the booklet by mailing the coupon and get PYREX 


Radio Insulators from your nearest supply house or if neces- 
sary directly from us. 


| CORNING GLASS WORKS, Industrial and 
*Trade Laboratory Division, Corning, N.Y. 

Mark | Please send the PYREX Radio Insulator 
R | booklet. 

eg 

US.! Мате ........ Ak мк ae pac ana ane TR ЧТ 
Pat. | (Print name and address.) 

Of. INGOLCSG ЕЕ Wi eee oa CIERRE OS 
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Eikon rectifiers are 
tested with recelving TT 
sets 
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S-M 690 


Three-Stage Push- 
Pull Amplifier 


Silver-Marshall offers in the new 
690 type public address amplifier, 
a hum-free A.C.-operated ampli- 
fier providing the same gain at 
70 as at 5,000 cycles, an undis- 
torted power output of 16 watts 
(casas to operate from two to 
one hundred and fifty loud 
speakers), amplification sufficient 
to develop full power output 
from radio, record pickup or 
microphone input, and switch and 
tapered volume contro! to allow 
instantaneous selection and fad- 
ing of radio, record or voice pro- 
grams. 


Assembled for portable or perma- 
nent rack-and-panel installation 
upon a solid aluminum panel 
12"x21", equipped with dust 
cover, and built to the same high 
standards as all S-M  rack-and- 
panel equipment, the new 690 
amplifier offers the finest performance of any device in its class today. Quantity produc- 
tion makes possible the low price of $245.00 (subject to usual trade discounts). 


The 690 amplifier is a three stage A.C.-operated amplifier, of three stages (last two 
ush-pull). It employs one '27, and two each '26, '50, and '81 type tubes. It is 
ена Бей fully assembled and tested, less tubes, ready for connection to radio, pickup, 
microphone and loud speakers. (For 1,000 to 4,000 seat theatres, four to twelve S- 
850 moving coil speaker units in easily-made baffles are recommended.) 


New S-M Dynamic Speakers 


Silver-Marshall now offers two new  moving-coil 
speaker units, guaranteed to provide finer reproduc- 
tion than types heretofore available, coupled with—in 
the A.C, model—absolutely silent, hum-free operation. 
Type 850 A.C. unit is equipped with the dependable 
280 rectifier tube to supply field current from regu- 
lar A.C. lighting circuits without hum and without 
bucking coils to impair bass frequency reproduction, 
while type 851 D.C. unit is equipped with a 90 to 
120 volt D.C. field to be fed from a B power unit, 
or to be used as a filter choke. 


Each unit is equipped with a universal tapped output 
transformer properly designed to match one 171, 250 
or 210 tube, or two 171 or 250 tubes in push-pull 
for maximum undistorted power output—a feature found in no other speakers. 


Price, 850 A.C. speaker unit, less 280 type rectifier, for 105/120 volt 50/60 cycle A.C., 
complete with universal output transíormer $58.50. 


Price, 851 D.C. speaker unit, for 90/120 volt D.C. operation, complete with universal 
output transformer $48.50. 


Radiobuilder No. 9 gives all details. Ask for a copy. 


SILVER-MARSHALL, Inc., 862 W. Jackson Blvd. 
CHICAGO, U.S.A. 
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In radio engineering circles 


the widespread utilization of 
Faradon Capacitors is con- 
clusive evidence of ability to 


deliver dependable 
under all conditions. 

Of course this result was 
not obtained overnight. More 
than 20 years of painstaking 
fabrication experience with 
each step based on sound 


service 


radio engineering data is be- 
hind it. 

You are invited to avail 
yourself of the Faradon en- 
gineering co-operation оп 
special applications not cov- 
ered by the more than 200 
types of Faradon Capacitors 
in regular production. 


WIRELESS SPECIALTY APPARATUS CO. 
Jamaica Plain, Boston, Mass., U.S.A. 
Established 1907 


aradon 


Electrostatic Condensers 
for All Purposes 


2595 
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Every Service Man Should Have 
a Jewell 199 Set Analyzer 


Jewell 199 Set 
Analyzers Solve the 
Radio Service Problem 


The convenient 5 prong plug or 4 
prong adapter is inserted in the 
tube socket and the complete elec- 
trical operation of each stage is 
thus quickly and accurately 
checked. 


All readings are recorded on the 
handy Radio Set Analysis Chart, 
and the results of the test are 
checked against data covering the 
receiver, furnished in the Jewell 
Instruction and Data Book, which 
contains data on receivers of 25 
leading manufacturers. 


The Jewell Method of Set Analy- 
sis leaves nothing to guesswork, 
and consequently saves time and 
provides highly satisfactory re- 
sults. 


HE Jewell Method of Radio 
Set Analysis enables service 
men to locate receiver troubles 
quickly and with unerring ac- 
curacy. 
The systematic manner in which tests 
are made and readings recorded with the 


Jewel! 199 Set Analyzer inspires the 
confidence of customers. 

The accuracy with which radio troubles 
are diagnosed and eliminated by the 
Jewell Method assures the customers’ 
satisfaction and good will. 

A Jewell 199 Set Analyzer in the hands 
of every service man is an invaluable 
foundation for profitable radio business. 
Write for Jewell “Instructions for Serv- 
icing Radio Receivers,” today. 


Jewell Electrical Instrument Co. 
1650 Walnut St., Chicago, Illinois 


29 YEARS MAKING wr INSTRUMENTS Ы a 
| ч 


wi 


ullu: mall, umull 


WH Б 


199 Set Analyzer 
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Both BYRD and WILKINS 
Choose 
HAMMARLUND 
\ CONDENSERS 


Hammarlund Stand- 
ard Double-Spaced 
Transmitting Ооп 
denser Used by 
Byrd and Wilkins 


*Ruggedness and Simplicity" 


“The world's most southerly radio station works perfectly," states Carl 
Petersen, Radio Operator of the Byrd Antarctic Expedition, according to 
The New York Times. 

Heintz & Kaufman, the builders of the Byrd and Wilkins’ radio equip- 
ment, as well as that for the record-breaking aeroplane ‘Southern 
Cross,” selected Hammarlund condensers “оп account of their rugged- 
ness and simplicity"—crashproof qualities—not easily made inoperative 
in case of accident. 

Every radio product of Hammarlund make—condensers, coils, chokes, 
drum dials—has the unfailing qualities of endurance and superior per- 
formance which make them the first choice of experts the world over. 


Let Hammarlund Build for You 


HAMMARLUND MANUFACTURING COMPANY 
424-438 W. 33rd St, New York, N.Y. 


For Bett). Radic’ 
ammarlund 


PRECISION 


PRODUCTS 
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WHOLESALE RADIO 
HEADQUARTERS 


Abreast of the New 
Developments 
in Radio 


No industry in the world’s history has at- 
tracted so many inventors and experimenters 
as the radio industry. Something new is 
always on tap. Contrast the old wireless 
days with the modern electrically operated 
talking radio. Think of what is still to 
come when perfected television, telephony, 
short wave control, etc., are fully realized. 


In keeping with the policies of Wholesale 
Radio Headquarters. (W. C. Braun Com. 
pany), our service lies in testing out and 
determining which of these newest marvels are 
ractical, salable and usable for the greatest num- 
E Our task is to study the multitude of new 


merchandise, select those items that are thoroughly NEW LINES 
proved and reliable, and make it easy for the public 

to secure these while they are still new. SPRING and SUMMER 
A huge and varied line of standard radio merchan- RADIO SETS, KITS, PARTS 
dise is carried in stock for quick shipment to all SHORT WAVE TELEVI 
parts of the country. This service assures the d ^ 
dealer and set builder of everything he needs, all SION, SPEAKERS, 
obtainable from one house, without shopping around SUPPLIES, PORTABLE 
at dozens of different sources. It saves considerable RADIOS and 

time, trouble and money. For example, when you PHONOGRAPHS 
want a complete radio set or ps for a circuit, AUTO TIRES and 

you also will want a cabinet, loud speaker, tubes ACCESSORIES 


and other supplies and accessories. You know that 
at Braun's you can get everything complete in one 


order, and thus save days and weeks of valuable ELECTRICAL GOODS 
time, besides a considerable saving in money. Wiring Fixtures, Etc. 
New Lines for Spring and Summer SPORTING GOODS 
Here, all under one roof, is carried the world's Quting Clothing, Baseball, 
largest stocks of radio sets, kits, parts, furniture, Golf Goods, Etc. 


сакен. апа патоса тор де radio Магон, port 
able radios and phonographs for summer trade an 
a complete line of auto tires, tubes and supplies, HOUSEHOLD 


electrical and wiring material, camping and outing SPECIALTIES 
equipment, tents, golf goods, sporting goods; in Vacuum Cleaners, Phono- 
fact, a complete merchandise line to keep business graphs, Electrical Toys 


humming every day, every week and every month 


in the year. 
Do You Get Our Catalog? 


If you don't receive our catalog, by all means send us a request on your letterhead 
to insure getting each new edition as promptly as it comes out. Braun's Big Buyers" 
Guide is crammed full of bargains and money-making opportunities that you cannot 
afford to pass up. 


W. C. BRAUN COMPANY 


Pioneers in Radio 


600 W. Randolph St., Chicago, Illinois 
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VARIABLE 
CONDENSERS 


For 1929-30 
WILL BE READY SOON 


Write for complete description and let 
us quote on your requirements. We 
guarantee quality, service and 
prompt deliveries. 


9с LODS [SLO e ere. 


UNITED ВОС LABORATORIES, INC. 
115-C Fourth Avenue, New York City 


Branch Offices for Your Convenience in 


St. Louis Boston Cincinnati Philadelphia London, Ontario 
Chicago Minneapolis Los Angeles San Francisco 


"e7. 7, "am. T. - 
Ql m T. е.ә ro. `, „=. JA t -Pa =”. aP, = =. le 
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VARIABLE CONDENSERS 


for 


TRANSMISSION 


CAT. No. 149 


A 


Y 


ede Muir aui ape, 


Super-Construction 
Heavy Brass Plates . . . Substantial Cast Aluminum 
End Plates . . . Steel Shaft Projecting Through Both 


Ends . .. Cone Bearings with Locking Device. . . 
Heavy Isolantite Insulating Blocks. 


The following table gives data on stock condensers: 


Max. Plate Overall 
Type Breakdown Number of Cap. Spacing Derth Wt. П 
No. Voltage Plates Mmfd. Inches Inches Lbs. Price 
Kv 3,000 19 200 .250 6.750 4.0 $17.56 
L 3,000 33 350 .250 9.100 8.0 21.00 
M 3,000 59 650 .250 13.620 12.5 29.00 
N 5,000 11 60 .500 6. 3.5 17.25 
о 5,000 19 100 .500 9.100 7.0 20.06 
Р 33 180 .500 13.620 10.5 28.00 
R 10,000 T 1.000 6.750 3.0 17.00 
8 10,000 11 45 1.000 9.100 6.0 19.00 
т 10.000 19 80 1.000 13.620 9.5 27.08 


Write for Bulletin 39 


MANUFACTURES A COMPLETE LINE OF 
RED APPARATUS FOR SHORT WAVE TRANS- 
MISSION AND RECEPTION. 


fT PM o D 
RADIO ENGINEERING LABORATORIES 
100 Wilbur Ave. Long Island City, N.Y., U.S.A. 


| 
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and 
Radio 


From the early days 
of radio development 
Roller-Smith has been 
one of the principal 
sources of supply for 
instruments for radio 
work. That broad 
background of experi- 
ence is at your dis- 
posal. 


Roller-Smith has an 
instrument for every 
radio need. 


Send for Bulletin 
K-810. 


ë 


“Over thirty years’ experi- 
ence is back of 
Roller-Smith.”’ 


© 


LU 


ROLLER-SMITH CO. 
2134 Woolworth Bldg. 
NEW YORK CITY 


Works: 
Bethlehem, Penna. 
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ber it, or don’t you like to? It was 
the wrench in the spokes, the neck 
of the bottle for 1928 radio and speaker 
production. 


{ M: coil situation of 1928! Remem- 


And now Polymet, the same Polymet 
long famous for Polymet Condensers 
and Resistances, smashes the neck with 
acrash which will be heard throughout 
coil-using industries. 


POLYMET MAKES COILS! 


The high Quality, quick Service, and absolute 
Dependability, long associated with Polymet 
Condensers and Kesistances are now carried 
into the coil industry. The Coilton Electric 
Manufacturing Company of Easton, Pa., coil- 
makers for over eleven years, has been acquired. 
From this date it is a Polymet plant under 
Polymect management, making Poly-Coils, to 
Poly met specifications. 


Polymet is ready to, and can, end your coil 
problems, whatever they may be. Blue prints of 
manufacturers’ requirements are especially 
solicited and will receive immediate attention. 


Polymet Manufacturing Corp. 
591 Broadway, New York 


smashes 
the neck of 
the bottle 


POLY-COILS @Х\ 
every size, every type Ah 
every purpose 


including 
Audio Transformers, 
Power Transformers, 
Chokes, Field Coils for 
Dynamic Speakers. 


POLYMET PRODUCTS 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 


XXXV 


Potter 


Condensers 


Radio 


Electrical 


Products 
of Merit 


The Investment that Pays 
Dividends 


QUALITY in the Potter Condenser is 
given by the use of highest grade paper, 
foil and impregnating wax. 


LONG LIFE has been attained by man- 
ufacture in a factory devoted to the ex- 
clusive production of condensers by 
special processes. 


UNIFORMITY is essential to give best 
results in any radio receiver or power 
amplifier and is given by careful and 
skilled workers. A series of tests dur- 
ing the making and rigid inspection con 
trols -the production. 


ECONOMY does not always come with 
the purchase at the lowest price. The 
additional cost is the investment that 
pays dividends by reducing the repair 
charges which are sure to grow if con- 
densers fail under operating conditions. 


Potter Condensers include a full line 
of By-Pass, Filter and Filter Block 
Condensers for all of the required 
capacities and working voltages. 


Special attention is given to manufac- 
turers arranging condensers to meet 
their requirements. Recommendations 
and quotations will be gladly made 
covering your condenser problems. 


A Condenser Assembly For Every Use 


The Potter Co. 


North Chicago, Illínois 


4 National Organization at Your Service 
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A whispering campaign..... 


ruin the popularity eee 
of any set owner if 


the set has “ADENOIDS” 


| tetas it isn’t what they say to your face about your set — 
it’s what theysay behind your back. And how those hammers 
do get busy when they get a set with “adenoids” to talk about. 

Preserve the good opinion of your friends—and get the enjoy- 
ment you deserve—perform that ad- 
enoid operation today— take out the 
inferior transformers and in their 
place put AmerTran tone-true radio 


products. 


AMERICAN TRANSFORMER CO. . 
81 Emmet St. Newark,N. Y. 


Transformer Manufacturers For More Than 29 Years, 


AmerTran De Luxe—Ist 
stage turn ratio, 3. 2nd 
stage turn ratio, 4. Price 


each $10.00. 
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PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


c eie aae t ee ee у ы ы чыл 
The J. G. White Electrical Testing 


КЕ: : Laboratories 
E t 
плеер Согрогайоп RADIO DEPARTMENT 
Engineers—Constructors also 


Builders of New York Radio 


Electrical, Photometric, 


е е Ed Chemical and Mechanical 
ndustrial, Steam ower, an as Я 
Plants, Steam and Electric Rail. Laboratories 
roads, Transmission Systems. 80th Street and East End Ave. 
43 Exchange Place New York NEW YORK, N. Y. 


——————M—— 


Amy, Aceves & King, Inc. PATENTS 


Consulting Engíneers WM. G. H. FINCH 
DESIGN—TEST-—DEVELOPMENT 
Radio Transmitters, Receivers and Sound Patent Attorney 
Reproducing Apparatus (Registered U. $. & Canada) 
Research Laboratories Mem. I. В. E. Мет. A. I. E. Е. 
55 West 42nd Street, New York 303 Fifth Ave. New York 
Longacre 8579 Caledonia 5331 


For EXPORT of material 
ROBERT S. KRUSE made by: 


Allen D. Cardwell Mfg. Corp. 
Clarostat Mfg. Co. 


Consultant for development of Corning Glass Works 
Short-wave Devices Dubilier Condenser Corp. 
Radio Engineering Lab 
103 Meadowbrook Road Baythion Mig, Co. "i 
United Scientific Labs. 
WEST HARTFORD, CONN. Weston Electrical Inst. Corp. 
apply to 
Telephone, Hartford 45327 AD. AURIEMA, INC. 


116 Broad Street, New York, N.Y. 


———————— 


JOHN MINTON, Ph.D. 


Consulting Engineer 
for 
BRUNSON S. McCUTCHEN робы am Вама <= 
Manufacturing 
of 
Radio Receivers, Amplifiers, Transform- 
ers, Rectifiers, Sound Recording and 
Reproducing Apparatus. 
Radio and Electro-Acoustical 
Laboratory 


8 Church St. White Plains, N. Y. 


Consulting Radio Engineer 


17 State Street 
NEW YORK 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 
(Continued) 


4th Edition Complete Line of 


Thoroughly Revised—Up-to-Date RADIO PANELS, TUBING, 
“RADIO THEORY AND RODS AND INSULATING 


OPERATING” MATERIALS 


3 Drilling, Machining and Engraving to 
992 Pages 800 Illustrations й Specifications 


By MARY TEXANNA LOOMIS TELEVISION KITS, DISCS, NEON 


President, and Lecturer on Radio TUBES, UTE S eye CELLS 


Loomis Radio College 
Member Institute of Radio Engineers Write for Catalog 


Price $3.50—Postage Paid Insuline Corp. of America 


LOOMIS PUBLISHING CO. 78-80 Cortlandt St., N. Y. 
Dept. 6, Washington, D.C. Cortlandt 0880 


PAPERS IN PAMPHLET FORM 


Obtainable, free of charge, by members from Institute office. Order by number. 


Mounting Quartz Oscillator Crystals R. C. Hitchcock 
The Inverted Vacuum Tube, a Voltage-Reducing Power Amplifier.... 
F. E. Terman 
The Measurement of Choke Coil Inductance 
C. A. Wright & F. T. Bowditch 
Radio Communication Guglielmo Marconi 
On Round the World Signals E. O. Hulbur: 
Experiments and Observations Concerning the Ionized Regions of 
the Atmosphere..... esee nh nn R. A. Heising 
The Insulation of a Guyed Mast Н. P. Miller, Jr. 
Some Characteristics and Applications of Four-Electrode Tubes 
Ross Gunn 
W. Austin 


Forbes 


the Atmosphere 
The Piezo-Electric Resonator and Its Equivalent Network.K. S. Van Dyke 


Notes on the Design of Radio Instalators T. Walmsley 
A Precision Method for the Measurement of High Frequencies 


A Radio Frequency Oscillator for Receiving Tiivoitigations 
G. Rodwin & T. A. Smith 


Aircraft Radio Installations 

Quantitative Measurements used in Tests of Broadcast Receiving Sets 
F. Van Dyke & E. T. Dickey 
Vacuum Tube Production Tests A. F. Van Byke & F. H. Engel 

The Receiving System for Long-Wave Transatlantic Radio Telephony 
Austin Bailey, S. W. Dean & W. T. Wintringham 

Recent Developments in Low Power & Broadcasting Transmitters.... 
I, F. Byrnes 


Radio Stations of the World 
Reception Experiments in Mount Royal Tunnel 

А. S. Eve, W, A. Steel, С. W. Olive, A. R. McEwan, & J, Н. Thompson 
The Status of Frequency Standardization................ J. H. Dellinger 
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Acrovox Wireless Corp. 
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. Outside Back Cover 
„Inside Back Cover 


Рабен есес Co s ALT! сы л. ы уст. арекет Кн Ew Rad CR XVI 
Polymet Manufacturing Corp XXXV 
Potter Co., The... XXXVI 
Professional Engineering Directory XXXVIII, XXXIX 


Radio Corporation of America 
Radio Engineering Laboratories. 
Raytheon Mfg. Co. 

Roller-Smith Co... 


Scovill Manufacturing Co 
Silver-Marshall, Inc 


Weston Electrical Iastrument Corp : II 
Wireless Specialty Apparatus Co. XXVIII 
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‘The Sentinel of Safety 


Out of the darkness . . . a gian: spectre . 


thrusting its nose fearlessly through the storm. 
Eours of flying over a raging sea . . . tarobbing 
motors . . . dense blackness . . . then 


faint points of light ahead on the main.and. A 
new chapter in the stirring history of man's con- 
quest of the air. 


Every precaution has been taken п building and 
equipping the great ship . . . every chance of 
failure guarded against by the use of proven 
materials. And deep in the vital organs of the 
dirigible . . . the ignition and radio . . . Dudlo 
coils and wire, like unseen sentinels ot safety, 
are doing their bit m making the great experi- 
ment a successful reality. 


No test too severe, no strain too great for Dudlo 
magnel wire and coils. That great proving 
ground—aeronautics—has shown them superbly 
adapted to every requirement of the electrical 
and radio industry. 


UDLO 


DUDLO MANUFACTURING CO., FORT WAYNE, INDIANA 


Division of the General Cable Corporation 


420 Lexington Ave. 105 West Adams St. 274 Brannan St. 43 Bingham Ave. 
NEW YORK CITY CHICAGO, ILL. SAN FRANCISCO, CALIF. ‘St. LOUIS, MO. 
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——"ESCO"—— 


Synchronous Motors for Television 


In addition to building reliable and satisfactory motor generators, 
“Esco” has had many years of experience in building electric 
motors for a great variety of applications. 


Synchronous motors, small, com- 
pact, reliable, self starting are 
now offered for Television equip- 
ment. They require no direct 
current for excitation, are quiet 
running and fully guaranteed. 


Other types of motors suitable 
for Television may also be sup- 
plied. 


Write us about your requirements. 


Machines for operating 60-cycle 
A. C. Radio Receivers, Loud 
Speakers and Phonographs from 
Direct Current Lighting Sockets 
Without Objectionable Noises of 
any Kind. 


The dynamotors and motor generators 
are suitable for radio receivers and for 
combination instruments containing 
phonographs and receivers. Filters are 
usually required. The dynamotors and 
motor generators with filters give as 
good or better results than are obtained 
from ordinary 60-cycle lighting sockets. 
They are furnished completely assem- 
bled and connected and are very easily 
installed. 

These machines are furnished with wool- 
packed bearings which require very 


little attention, and are very quiet run- Ы " 4 " 
ning. 4 Же Dynamotor with Filter јог Radio Receivers 


Write for Bulletin No. 243-C. 


How can “ESCO” Serve You? 
ELECTRIC SPECIALTY COMPANY 


TRADE “ESCO” MARK 
300 South Street Stamford, Conn. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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A EROCOVOWYV 
BUILT BETTER x 
CONDENSERS AND RESISTORS 


What Is Back of 


Such Phenomenal Growth? 


TARTING in 1924 with a plant of 4,000 square feet, 
the demand for Aerovox products had increased to such 
proportions in the early part of 1928, that a plant of 20,000 
square feet, working with extra shifts, was sorely taxed to 


keep up with orders. 

Accordingly in August, 1928, 
an additional 10,000 square feet 
was added to the plant and by 
careful planning of production 
schedules, new machinery and 
much overtime work, it was 
possible to meet on time the 
needs of manufacturers and the 
trade for Aerovox condensers 
and resistors. 

With the beginning of the 
New Year, 1929, conditions 
have again made it necessary to 
enlarge the plant and an addi- 
tional 15,000 square feet of 
floor space, new machinery and 
increased working force has 
been marshalled to meet the 
demands of the trade. 


Such a phenomenal growth 
which has made it necessary to 
more than double the capacity 
of the plant in the short space 
of six months is hardly acci- 
dental. It is simply ample justi- 
fication for the pursuance of a 
rigid policy of manufacturing 
only the best condensers and re- 
sistors that can be produced. 

The Aerovox Wireless Cor- 
poration takes this opportunity 
of thanking its many friends 
whose confidence and patronage 
has made this rapid progress 
possible and pledges its faith to 
continue to produce the best 
condensers and resistors at a 
price as low as possible consist- 
ent with quality and safety. 


SEND FOR COMPLETE CATALOG 
Complete specifications of all Aerovox units, including insula. 
tion specifications of condensers, carrying capacities of resistors 
and all physical dimensions, electrical characteristics and list 
prices of condensers and resistors are contained in a complete 
catalog 1928-29 catalog which will be sent gladly on request. 


AEROVOX WIRELESS CORP. 


80 Washington Street, Brooklyn, N. Y. 


A PRODUCTS THAT ENDURE 9 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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TYPE м-26 
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[05 АМР 


Improves the performance 
of any set because . . . 


the exceptional and uniform high quality of 
materials skillfully employed by able crafts- 
men used in CeCo Tubes, has given them a 
tone quality that is distinctly their own and 
unsurpassed by any tube. 


Patient laboratory experimentation over a 
period of years has combined with this tone 
beauty a durability which makes them the 
most economical tube to use. They cost no 
more but last longer. 


Listen in on the CeCo Couriers—on the air every 
Monday evening, 8:30 Eastern Time (7:30 Central 
Time) over the Columbia Broadcasting 
Chain of 20 cities. 


Send for an, unusual book entitled, 
“RADIO VACUUM TUBES” 


CECO MFG. CO., INC., PROVIDENCE, R. I. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
XLIV 


ОЕК 
ЕЕЕ 
МЕЕ 


WAVELENGTH ИМ METERS 
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A 


FO зо 60 
4/44 SETTINGS 


Reproduced above is the calibration curve of Coil No, 3, Grebe Short Wave Receiver 


Improved Regeneration Control 
on Grebe Short Wave Receiver 


Marked improvement in the uniformity of 
regeneration control characterizes the new 
Grebe Short Wave receivers. This is partic- 
ularly true of Coil No. 3, used for wave 
lengths of 28 to 58 meters. 


Correspondence is invited on any phase of 
short wave reception equipment. 


А.Н. GREBE & CO., INC. 
Richmond Hill, N. Y. 


Western Branch : 


443 So. San Pedro Street, Los Angeles, Calif. 


1 HEB 
Aum SYNCHROPHASF, 
RADIO 


MAKERS OF QUALITY RADIO SINCE 1509 


When writing to advertisers meution of the PRockEDiNGS will be mutually helpful. 


Laboratory Variometer 


Type 107 Laboratory Variometer 


The Type 107 Laboratory Variometer is suitable for tuning 
of filter and oscillating circuits, as well as for use as a 


standard of self or mutual inductance in bridge circuits. 
Described in Catalog E. 


Type 107-F approximately 0.04 MH to 0.4 MH. 
Type 107-G approximately 0.4 MH to 4.0 MH. 
Type 107-H approximately 1.4 MH to 18 MH. 


Price—All types $27.00. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical and 
Radio Laboratory Apparatus 


30 STATE STREET CAMBRIDGE, MASS. 


GEORGE BANTA PUBLISHING COMPANY, MENASMA, WISCONSIN 


